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PREFACE  TO  THE  AMERICAN  EDITION. 


The  belief  that  Dr.  Moritz  Meyer's  Treatise  on  Elec- 
tricity in  its  Relations  to  Practical  Medicine  was  the  best 
which  had  yet  appeared  on  the  subject,  must  be  my  excuse 
for  presenting  it  in  an  English  dress  to  the  Medical  Pro- 
fession of  America  and  Great  Britain. 

I  had  intended  adding  largely  to  it,  but  attentive  peru- 
sal convinced  me  that,  by  so  doing,  I  would  only  enlarge 
the  volume,  without  giving  it  a  corresponding  increase  rn 
value.  I  have,  therefore,  refrained  from  the  citation  of 
cases  from  my  own  practice,  except  in  a  few  instances  ;  or 
from  adding  much  other  matter,  except  under  the  head  of 
Infantile  Paralysis,  which  subject,  it  appeared  to  me,  had 
not  been  sufficiently  considered  by  the  author. 

William  A.  Hammond. 

162  West  34th  St.,  New  York,  June  20,  1869. 
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In  tlie  age  in  which  we  live,  an  age  rich  in  superstition, 
but  poor  in  belief,  when  now  a  holy  robe,  now  a  Goldberger's 
rheumatic-chair,  now  animal  magnetism  and  somnambulism 
effect  the  most  marvellous  cures  among  the  pious  believers, 
it  is  not  a  subject  of  surprise  if  the  considerate  and  thought- 
ful physician  ventures  upon  the  therapeutical  application  of 
an  agent  of  whose  real  character  the  naturalist  still  knows 
comparatively  little.  Thus  it  is  that  the  practitioner,  and 
unfortunately  also  those  physicians  who  devote  themselves 
especially  to  the  application  of  electricity,  often  have  the 
most  crude  and  absurd  ideas  of  its  action  on  the  animal 
body.  As  an  example,  among  the  late  products  of  the 
press,  see  Prof.  Dr.  Hassenstein's  SicJiere  Heilung  nervoser, 
geschtischer^  rheumatiscTier^  und  andere  Kranhheiten  durch 
die  Electricitat  und  den  Magnetismus.  Fourth  edition. 
Leipsic,  1852,  page  18.  Prof.  Hassenstein  views  the  human 
body  as  a  voltaic  pile ;  one  portion  of  its  electricity  is  latent, 
another  is  polarly  active ;  through  the  action  of  the  latter 
the  surface  of  the  body  is  always  negative,  the  central  or- 
gans of  the  nervous  system  always  positive ;  a  greater  or 
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lesser  quantity  of  tlie  latent  electricity  can  be  used  to  in- 
crease or  decrease  the  polar  electricity,  and,  indeed,  to  in- 
crease it  by  adding  to  the  electricity  of  tbe  surface  a  portion 
of  the  latent  electricity.  The  decrease  is  effected  by  adding 
to  the  electricity  of  the  surface  a  portion  of  the  latent  + 
electricity.  It  is,  therefore,  only  necessary  to  know,  as 
Hassenstein  pretends  to,  in  what  diseases  an  increase,  and 
in  what  diseases  a  decrease  of  the  polar  electricity  is  neces- 
sary, to  effect  the  most  perfect  cure.  Another  (see  Electri- 
citdt  und  Magnetiamus  als  Heilmittel,  Kurze  Betrach- 
tungen  ilher  deren  Anwendung  im  Allgemeinen,  mit  gleich- 
zeitigen  Hinblicke  auf  die  Tendenz  seines  Instituts^  von 
Dr.  B.  Bamberger,  Berlin,  1854),  who  believes  he  has  dis- 
covered in  scrofula  the  richest  and  most  fruitful  field  for 
the  application  of  electricity,  reasons  a  priori,  that  there, 
where  air,  light,  and  heat  are  so  very  efficacious,  electri- 
city cannot  be  other  than  highly  beneficial.  Of  the  cor- 
rectness of  this  logic  he  has  been  convinced  by  the  most 
brilliant  successes.  This  view  has  the  merit  of  naivete,  to 
Bay  the  least. 

These  are  the  reasons  why  electricity  until  now  has 
been  numbered  by  many  among  those  remedies  which  the 
rational  physician  is  slow  to  adopt,  and  yet,  in  those  cases 
in  which  it  is  indicated,  it  is  one  of  the  most  admirable,  one 
of  the  surest,  and  in  some  cases  an  incomparable  remedy. 
It  is,  therefore,  the  duty  of  every  physician  to  study  the 
action  of  electricity,  to  become  acquainted  with  its  value  in 
therapeutics,  and  to  follow  the  improvements  that  are  being 
made  in  the  apparatus  for  its  application  in  medicine,  that 
he  may  be  able  to  choose  the  one  best  adapted  to  the  treat- 
ment of  individual  cases,  and  to  test  a  remedy  fairly  and 
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without  prejudice,  whicli  already,  especially  in  nervous 
diseases,  has  been  used  with  the  best  results,  and  which 
promises  to  yield  an  abundant  harvest  in  a  still  broader 
domain. 

Thus  we  have,  for  example,  in  surgery,  the  treatment  of 
varix  and  aneurism,  by  electropuncture,  and  the  removal  of 
tumors,  with  the  cadent  platina  wire,  heated  by  the  electric 
current.  And  since  it  has  been  shown  that  the  urinary 
calculi  are  soluble  by  means  of  the  electric  current,  is  it  not 
possible  that  there  may  be  an  instrument  constructed  by 
which  the  operation  may  be  practised  on  the  living  subject  ? 
Is  the  galvanic  treatment  of  malignant  tumors  not  worth  an 
experiment  ?  May  not  the  local  application  of  electricity 
by  Duchenne's  method  in  orthopsedia — to  which  the  profes- 
sion is  now  devoting  so  much  attention — ^be  made  useful  ? 
Is  it  not  possible  that  more  may  be  accomplished  in  this 
direction  with  electricity  than  with  gymnastics  ?  May  not 
a  timely  application  of  electricity  prevent  many  deformities, 
and  render  many  a  tenotomy  unnecessary?  And  has  the 
obstetrician  such  a  series  of  reliable  emmenagogues  at  his 
command,  that  he  has  no  need  of  another  which  he  can 
perfectly  control,  and  with  which  he  can  produce  at  pleas- 
ure the  most  powerful  contractions  of  the  uterus  ?  All 
these  are  open  questions,  which  it  becomes  every  physician 
to  assist  in  solving,  but  more  especially  those  who  hold  po- 
sitions in  public  hospitals,  on  account  of  their  greater  facili- 
ties. We  must,  however,  unfortunately  confess  that  they, 
thus  far,  particularly  in  Germany,  have  shown  very  little 
zeal  in  the  matter. 

If  my  own  researches  have  not  extended  beyond  the 
action  of  electricity  in  nervous  diseases,  I  nevertheless  believe 
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that,  in  giving  the  results  of  my  labors  publicity,  I  shall 
contribute  to  the  solution  of  the  general  question,  by  giving 
the  reader  a  cursory  view  of  the  field  over  which  medical 
electricity  is  endeavoring  to  extend  its  usefulness.  The 
anatomist  and  physiologist,  the  obstetrician,  surgeon,  and 
physician,  will  thus  have  an  opportunity  to  test  the  use  and 
importance  of  electricity  in  his  particular  field  ;  here  to  ex- 
tend and  there  to  circumscribe  its  application,  to  ^x  more 
special  indications,  and  to  adopt  more  rational  and  practical 
methods  for  its  use. 

With  regard  to  the  origin  of  this  work,  it  may  be  stated 
that  the  author  was  one  of  the  competitors  for  the  prize 
offered  by  the  Medical  Society  of  Ghent,  for  1852,  "  On  the 
Efficacy  of  Electricity  in  the  Treatment  of  Disease."  True, 
he  did  not  receive  the  first  prize,  which  was  awarded  to 
Duchenne — who  has  done  so  much  for  the  rational  applica- 
tion of  electricity  in  medicine — ^nevertheless,  the  commis- 
sion deemed  the  author,  even  with  such  a  competitor,  wor- 
thy "  cPune  mention  honorable  et  cTune  recompense  honor i- 
fiqueP  In  their  detailed  report  (see  Bulletin  de  la  Societe 
de  Medecine  de  Gand^  vol.  xviii.,  1852,  pages  122-163),  after 
awarding  to  the  treatise  the  praise  of  being  logically  and 
well  written,  and  of  comprehending  nearly  all  the  points 
necessary  to  consider  in  solving  the  question,  and  after  men- 
tioning as  defects  that  neither  the  influence  which  the  elec- 
tric current,  according  as  it  is  constant  or  interrupted,  or 
according  as  it  flows  in  different  directions,  exercises  on  the 
vitality  of  the  nerve,  nor  the  importance  of  electricity  as  an 
aid  in  forming  a  correct  diagnosis  or  prognosis  was  suffi- 
ciently considered,  they  use  the  following  language :  "  But, 
notwithstanding  the  deficiencies  to  which  we  have  adverted, 
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the  work  under  notice  is  in  some  parts  marked  by  great  ex- 
cellence. Thus,  we  would  cite  the  remarks  relative  to  the 
therapeutical  action  of  electricity,  the  chapter  which  treats 
of  the  various  forms  of  electrical  apparatus,  and  that  in 
which  the  author  examines  and  classifies  the  principal  affec- 
tions, to  the  treatment  of  which,  electricity  has  been  applied 
with  success.  This  last  chapter  is  especially  remarkable  for 
the  erudition  which  the  author  gives  evidence  of  possess- 
ing. Finally,  we  must  speak  in  equal  terms  of  praise 
of  the  cases  which  are  appended  to  the  memoir,  and  which 
show  that  they  have  been  noticed  and  recorded  by  a  skil- 
ful practitioner." 

I  was  at  that  time  solicited  by  several  persons,  and  par- 
ticularly by  the  house  of  Hirschwald,  of  this  city,  to  pub- 
lish my  little  treatise ;  but  I  was  deterred  by  various  con- 
siderations. On  the  one  hand,  the  field  over  which  it  should 
extend  had  been  so  enlarged,  especially  by  the  researches 
of  Duchenne,  in  the  space  of  two  years,  that  the  book  would 
have  been  old  ;  on  the  other  hand,  I  thought  it  my  duty  not 
to  appear  before  the  public  until  I  had  a  greater  number  of 
observations  at  my  command.  But  when  the  Medical  So- 
ciety of  Ghent  had  my  treatise  translated  into  French,  and 
published  it  in  their  Annals  for  1852,  and,  as  the  translator 
greatly  increased  the  number  of  the  defects  of  the  contents, 
I  saw  myself  compelled  to  alter  my  resolution. 

Thus  this  volume  originated,  which,  it  is  true,  is  only  a 
reproduction  of  the  Ghent  treatise  so  far  as  the  general  con- 
tents are  concerned,  but  which  aims  to  remedy  the  defects 
cited  by  the  Ghent  commission,  to  embody  the  progress 
made  during  the  past  two  years,  and  to  record  the  results 
of  my  later  observations.    These  genetic  motives  will  suffice, 
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I  trust,  not  only  to  justify  the  existence  of  tlie  work,  but 
also  to  secure  charitable  criticism. 

In  conelusion,  I  would  avail  myself  of  this  opportunity 
to  express  my  hearty  thanks  to  many  of  my  honored  col- 
leagues for  sending  me  such  of  their  patients  as  were  proper 
subjects  for  electric  treatment ;  also  to  Dr.  E.  du  Bois-Eey- 
mond  and  L.  Posner,  for  the  valuable  material  they  so  gen- 
erously placed  at  my  disposition. 

Dk.  Moritz  Meyeb. 
Berlin,  January y  1854.  ■* 
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The  hopes  I  entertained,  on  the  publication  of  the  first 
edition  of  this  book,  have  been  quickly  realized  ;  yes,  more 
than  realized.  Not  only  has  the  medical  press,  without  ex- 
ception, spoken  of  the  work  in  favorable  terms,  not  only 
have  authors  of  the  hand-books  that  have  appeared  since 
then,  in  a  measure,  adopted  my  arrangement  of  matter,  and 
borrowed  from  me  no  inconsiderable  portion  of  their  mate- 
rial, not  only  are  there  since  then,  in  nearly  all  the  larger 
German  cities,  thoroughly  scientific  physicians  to  be  found, 
who  devote  themselves  specially  to  the  study  of  electro-the- 
rapeutics, but  the  profession  generally  has  also  recognized 
electricity  as  a  remedy  fully  meeting  the  demands  of  certain 
indications.  And  the  layman  intrusts  himself  willingly — 
often  with  too  great  expectations — to  a  mode  of  treatment 
which,  only  a  few  years  ago,  he  did  not  venture  to  adopt, 
until  after  the  failure  of  every  other  remedy,  and  then  only 
"  by  way  of  experiment."  I  think  I  shall  not  be  accused 
of  presumption  if  I  ascribe,  in  some  measure,  these  changes 
to  my  labors.  The  attention  of  other  members  of  the 
medical  profession — among  them  those  who,  as  anatomists 
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and  physiologists,  were  capable  of  making  tliorough  and 
exact  researches — was  directed  to  electro-physiology  and 
therapeutics,  and  they  were  induced  to  make  experiments, 
and  publish  the  results  of  their  observations  in  works  either 
theoretical  or  practical  in  their  character.  The  large  num- 
ber of  text-books  of  electro-therapeutics,  which,  in  this  man- 
ner, followed  one  another  almost  without  interruption,  de- 
layed the  publication  of  the  second  edition  until  to-day, 
although  the  first  edition  was  exhausted  nearly  four  years 
ago. 

Whether  the  contents  of  this  edition  will  excuse  a  silence 
of  seven  years ;  whether  the  results  are  commensurate  with 
the  time  and  labor  expended  ;  whether  the  time  has  arrived 
when  we  can  classify  the  paralyses,  according  to  their  lo- 
cation, into  cerebral,  spinal,  nervous,  and  muscular ;  and 
whether  I,  especially,  who  have  had  comparatively  few  op- 
portunities to  make  post-mortem  examinations,  should  ven- 
ture to  make  such  a  classification,  are  matters  I  leave  to  the 
decision  of  my  colleagues,  who  liave  received  my  former 
labors  in  a  manner  so  charitable  and  encouraging.  I  believe 
that  I  can,  at  least,  claim  to  have  used  conscientiously  such 
material  as  I  have  had  at  my  disposal,  to  have  tested  the 
contributions  of  others  carefully  and  without  prejudice,  and 
to  have  subjected  my  own  observations  to  the  most  rigid 
scrutiny  before  giving  them  publicity. 

A  retrospective  glance  at  the  progress  made  in  electro- 
therapeutics, during  the  last  few  years,  is,  on  the  whole, 
highly  encouraging.  If  the  hopes,  to  which  the  application 
of  the  constant  current  in  the  treatment  of  muscular  and 
nervous  diseases  gave  rise,  have  been  only  partially  realized, 
still,  its  readoption  and  recommendation  by  high  authority 
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have  led  to  new  and  careful  experiments,  resulting,  on  the 
whole,  to  the  advantage  of  electro-therapeutics.  But  delu- 
sion and  ignorance  have  not  spared  us  with  their  products, 
and  if  the  fantastic  extravagance  of  a  Beckenstein  {tJt/udes 
sur  Veleci/ridte,  nouvelle  methode  pour  son  emploi  msdicale. 
Tome  premier,  Paris,  1852),  and  of  his  successor,  Zimple 
{Die  Reihungs-Electricitdt  in  Yerhindung  mit  Impondera- 
hiZien  aU  Heilmittel.  Stuttgart,  1859),  only  excite  a  smile, 
such  books  as  that  of  Dr.  Dropsy  {^leo^o-therapie^  ou  ap- 
plication medicale  practique  de  Veleotricite  hasee  sur  de 
nouveaux  procedes.  Ouvrage  presente  au  concours  decrete 
par  S.  M.  VErnpereur  des  Frangais,  Paris,  1857)  put  us 
in  bad  humor,  because  the  author  devoted  more  than  ten 
years  of  his  life  and  his  best  intellectual  energies  to  an  un- 
scientific and  fruitless  theory,  of  the  correctness  of  which  he 
is  personally  convinced. 

On  the  contrary,  earnest  and  well-directed  research  has 
demonstrated  the  importance  of  electricity  in  diagnosing 
paralyses,  which,  as  a  consequence,  are  treated  more  success- 
fully. The  cure  of  neuralgia  has  become  far  more  certain, 
and  many  forms  of  muscular  contraction  have  found  in 
electricity  an  efficient  remedy.  Disturbances  of  the  secre- 
tions and  exc^:etions  have,  in  many  instances,  been  removed 
by  electricity.  In  surgery,  the  galvano-caustic  has  secured 
a  permanent  foothold ;  while  the  possibility  of  dispersing 
tumors  by  means  of  the  galvanic  current,  so  often  questioned, 
is  a  fact  established  beyond  further  doubt.  German  obstetrics 
alone  seems  inexplicably  indifferent'  to  electricity.  While 
it  would  servilely  follow  the  dangerous  example  of  a  few 
Englishmen,  who,  regardless  of  human  life,  use  chloroform 
in  cases  of  normal  parturition,  it  refuses  to  profit  by  the 
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verified  experience  of  English  obstetricians  in  producing  con- 
tractions of  the  uterus  with  electricity,  and  by  the  possi- 
bility it  offers  of  often  preserving  human  life.  Let  us  hope 
that  the  Corypheuses  of  German  obstetrics  will  no  longer 
hesitate  to  accord  to  electricity  that  place  in  medicine  that 
is  acknowledged  to  yield  greater  scientific  and  practical 
results  than  any  other. 

Dr.  Moritz  Meyer. 

Berlin,  December ^  1860. 
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From  the  publication  of  the  second  edition  of  this  book 
to  the  present  time,  has  proved  to  be  another  important 
period  in  the  history  of  electro-therapeutics.  The  great 
event  has  been  the  reception  of  the  constant  current  into 
medical  practice  generally.  True,  the  founder  of  this  mode 
of  treatment,  Eobert  Eemak,  has,  during  this  period,  been 
taken  from  his  place  among  the  living,  while  valiantly  con- 
tending for  the  correctness  and  the  recognition  of  his  theo- 
ries. But  his  unexpected  death  and  the  involuntary  termi- 
nation of  his  brilliant  labors  led,  perhaps,  to  a  more  candid 
examination  of  his  assertions,  and  to  an  earlier  acknowledg- 
ment of  their  correctness,  than  woiild  have  been  the  case 
had  he  lived.  This  intimation  might  be  so  construed  as  to 
mean,  that  either  mental  apathy,  jealousy,  or  perversity, 
prompted  the  partisans  of  the  intermitting  current  to  oppose 
the  constant  current ;  this  reproach,  however,  may  be  em- 
phatically denied.  It  was  not  the  constant  current  as  such, 
but  the  manner  in  which  Remak — especially  at  the  begin- 
ning of  his  career  as  practitioner — denied  that  the  inter- 
rupted current  possessed  any  therapeutical  value  whatever, 
that  made  of  natural  allies  unwilling  opponents. 
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I  hope  that  the  present  volume,  while  it  recognizes,  on 
the  one  hand,  the  superiority  of  the  constant  current  in  cer- 
tain directions,  on  the  other  it  aids  the  interrupted  current 
to  recover  its  full  and  well-founded  rights,  of  which  it  has 
of  late  been  deprived  by  a  sort  of  distinguished  and  un- 
merited distrust,  and  that  it  advances  the  true  object  of 
therapeutics  in  securing  to  the  greatest  possible  number  of 
the  afflicted  either  a  radical  cure,  or,  at  least,  some  relief. 
Then,  we  must  not  forget  that  the  interrupted  current  is 
to-day  the  common  property  of  the  profession,  while  the 
constant  current  will,  perhaps,  never  come  into  bo  general 
use.  At  all  events,  it  has  thus  far  comparatively  few  advo- 
cates, and  these  are  found  only  in  the  larger  cities, 

A  retrospective  glance  at  the  progress  made  in  electro- 
therapeutics, especially  during  the  last  few  years,  is  in  the 
highest  degree  encouraging.  The  possibility  of  the  constant 
current  acting  on  the  brain  or  spinal  marrow — which  has 
been  until  late  so  generally  doubted — the  electrotonic  action 
of  the  constant  current  on  the  living,  the  galvanic  irritation 
of  the  sympathetic  nerve,  etc.,  have  been  stricken  from  the 
list  of  hypotheses,  and  elevated  to  places  among  scientific 
facts.  In  surgery,  the  electro  -  chemical  action  begins  to 
attract  more  attention.  It  is  now  being  used  not  only  in 
cases  of  varices  and  aneurisms,  but  also  in  the  treatment  of 
strictures,  tumors,  etc.  In  regard  to  obstetrics,  we  would 
repeat  the  wish  expressed  on  a  former  occasion — that  more 
extended  experiments  may  be  made  by  our  honored  col- 
leagues, especially  by  those  who  have  charge  of  our  public 
hospitals. 

Dr.  Moritz  Meyer. 

Berlin,  March  29,  1868. 


OOS^TEJS-TS. 


FIRST   SECTION. 
Historical  Sketch  of  the  Applications  of  Electricity  in  Medicine, 


PAGE 

1 


SECOND   SECTION. 
I.  Friction  Electricity,      .  .  . 

II.  Contact  Electricity  (Galvanism),     . 
III.  Induction  Electricity  (Faradism), 


11 

30 


THIRD  SECTION. 
Of  the  Electro-Motor  Properties  of  the  Animal  Body, 


85 


FOURTH  SECTION. 

The  Action  of  the  Electric  Currents  on  the  Organs  and  Tissues  of  the 
Animal  Body,  ...... 

A.  The  Action  of  the  Electric  Current  on  the  Nerves  and  Muscles, 

I.  Action  of  the  Current  on  Motor  Nerves  and  Muscles,  . 

II.  The  Effect  of  the  Electric  Current  on  the  Nerves  of  Sense 

and  the  Sensory  Nerves, 

B.  The  Influence  of  the  Electric  Current  on  the  Brain  and  Spinal 
Marrow,  ........ 

C  The  Influence  of  the  Electric  Current  on  the  Sympathetic, 
D.  The  Effect  of  the  Electric  Current  on  the  Organs  furnished  with 
Organic  Muscular  Fibres,      ..... 
I.  Digestive  Organs,  .  .  .  .  .  . 

II.  Urinary  and  Sexual  Organs,    .... 

III.  The  Iris, 

IV.  The  Heart,       .  . 


44 
44 
44 

68 

74 

79 

81 
82 
84 
85 
86 


XX  CONTENTS. 

PAGE 

E.  The  Effect  of  the  Electric  Current  on  the  Blood-yessels  and  Lym- 

phatics,     ........       88 

F.  The  Effect  of  the  Electric  Current  on  the  Blood,  .  .  89 

G.  The  Effect  of  the  Electric  Current  on  the  Skin,    .  .  .90 
H.  The  Effect  of  the  Electric  Current  on  the  Bones,         .            .  92 

/.  Accessory  Effects  of  the  Current,  .  .  .  .  .92 

Conclusions,  .......  94 

FIFTH  SECTION. 

I.  Galvanic  Apparatus,      .  .  .  .  .  .  .9*7 

II.  Induction  Apparatus,  .  .  .  .  •  .  113 

SIXTH  SECTION. 
Methods  of  Using  Interrupted  and  Constant  Currents,       .  .  .139 

SEVENTH    SECTION. 
Electricity  in  its  Application  to  Anatomy,  Physiology,  and  Pathology,  167 

.  EIGHTH- SECTION. 


the  Conducting  Power 


The  Importance  of  Electricity  in  the  Diagnosis  and  Prognosis  of  Paralytic 
Affections,     .... 
General  Application, 

I.  Cerebral  Paralysis, 
Hysterical  Paralysis, 
II.  Spinal  Paralysis, 

A.  Paralysis  arising  from  Injury  to  the  Independent  Motor 

Power  of  the  Spinal  Cord, 

B.  Paralysis  caused  by  Interruption  in 

of  the  Spinal  Cord, 

III.  Paralysis  of  the  Sympathetic, 

IV.  Nervous  Paralysis, 
V.  Muscular  Paralysis,  .....  267 

-4.  Paralysis  from  the  Poisonous  Action  of  Lead,        .  .     281 

B.  Progressive  Muscular  Atrophy,  .  ,  .  287 

NINTH  SECTION. 
Electricity  as  a  Curative  Agent,      ......    305 

CHAPTER  I. 

The  Use  of  Electricity  in  Medicine,  .  .  ,  .  .    307 

I.  Electricity  in  Nervous  Diseases,         .        "  ,  .  ,  307 


180 
180 
192 
203 
209 

209 

243 
247 
254 


CONTENTS. 


XXI 


' 

PAGE 

A.  Hypersesthesia — Neuralgia,     .            .            .            , 

.     807 

B.  Anaesthesia,             ..... 

334 

C.  Spasms,            ..... 

.     348 

J),  Paralyses,  ...... 

872 

Cerebral  Paralysis,    .            .            .            . 

.    376 

Spinal  Paralysis,                .... 

385 

Locomotor  Ataxia,     .            .            .            . 

.     893 

Nervous  and  Muscular  Paralysis, 

408 

Rheumatic  Paralysis  of  the  Muscles  of  the  Eye, 

.    420 

Traumatic  Paralysis,        .... 

422 

Secondary  Paralysis, 

.    424 

Lead  Paralysis,    .            . 

427 

Asphyxia,       ..... 

.     429 

Incontinence  of  Urine,     .... 

432 

Laryngeal  Paralysis,       .       . 

.     435 

n.  Electricity  in  Diseases  depending  upon  Anomalies  of  S 

ecretion 

and  Excretion,          ..... 

.    439 

A.  Rheumatic  Exudations, 

439 

B.  Arthritic  Articular  Exudations, 

.    447 

(7.  Suppressed  Secretions  and  Excretions,      . 

448 

CHAPTER  11. 
The  Employment  of  Electricity  in  Midwifery  and  Gynecology, 


452 


CHAPTER  III. 

The  Use  of  Electricity  in  Surgery,         .....  460 

L  Electricity  for  the  Generation  of  Thermic  Effects,            .  .     460 

II.  Electricity  for  Causing  Chemical  Effects,        .            .            .  467 

A.  Galvano-puncture  in  Varices  and  Aneurisms,            .  .     468 

B.  Electrolytical  Treatment  of  Strictures,  Exudations,  Tumors, 

Ulcers,  etc.,  .            .            .            .            .            .  .    474 

C.  The  Galvanic  Current  for  the  Solution  of  Vesical  Calculi,  487 
D.  Electricity  for  the  Removal  of  Poisonous  Metals  from  the 

Organism,      ...            .            .            .            .  .     489 

III.  Electricity  as  a  Stimulant  in  Pseudoarthrosis,            .            .  491 

Appendix,    .            .            .            .            .            .            .            .  .    493 

Index,    .           .           .           .           .           .           •           •           •  496 


ELECTRICITY 


EELATIONS   TO   PKACTIOAL  MEDICINE. 


FIRST   SECTION. 

HISTORICAL  SKETCH  OF  THE  APPLICATIONS  OF  ELECTRICITY  IN 

MEDICINE. 

The  history  of  electro-therapeutics  is  the  history  of  elec- 
tricity. Every  advance  step  in  the  field  of  the  latter  has 
been  quickly  followed  by  an  endeavor,  on  the  part  of  the 
medical  profession,  to  turn  the  new  discovery  to  practical 
account. 

The  history  of  electro-therapeutics  may  be  divided  into 
three  periods.  The  first  dates  back  some  two  thousand  years 
into  the  dim  past,  beginning  with  our  primitive  knowledge 
of  electricity,  the  electricity  of  the  raja  torpedo — ^for  us  a 
long  and  unfruitful  period — and  ends  with  the  therapeutical 
use  of  the  electrical  machine  and  Ley  den  jar.  The  second 
is  comprised  within  the  years  1789,  the  date  of  the  discovery 
of  contact  electricity,  and  1831,  the'  year  in  which  induction 
electricity  was  discovered.  The  third  extends  from  the  latter 
date  to  the  present  day. 

Of  the  first  period  only  a  few  isolated  facts  are  known. 
The  ancients  often  ate  of  the  flesh  of  the  raja  torpedo  on 
1 


a  HISTORY   OF   MEDICAL    ELECTRICITY. 

account  of  its  curative  properties.  A  thousand  years  ago, 
the  native  women  of  West  Africa  put  their  sick  children 
into  a  hole  filled  with  water,  in  which  there  were  some  of 
these  fish.  Scribonius  Largus,  a  physician  who  lived  at  the 
time  of  the  Emperor  Tiberius,  is  known  to  have  done  some- 
thing similar  for  the  cure  of  gout.  Pliny  also  mentions 
electricity  as  a  remedy,  and  Dioscorides  records  an  electrical 
cure  of  prolapsus  ani.  So  much  for  the  historical,  or  rather 
the  mythical,  data  of  this  period. 

It  was  not  until  the  middle  of  the  eighteenth  century — 
after  the  discovery  of  the  electric  machine  and  of  the  Ley  den 
jar — that  modern  practitioners  began  to  experiment  with  the 
new  remedy.  Among  these  we  have  the  Germans  Kratzen- 
stein,  who  used  friction-electricity  with  success  for  a  para- 
lyzed finger,  and  De  Haen,  under  whose  direction  experi- 
ments were  made  in  the  Vienna  Hospital,  and  the  French- 
men Jallabert,  Sigaud  de  la  Fond,  Bertholon,  and  finally, 
Mauduyt,  who  are  especially  worthy  of  notice.  The  last- 
named,  by  his  masterly  report  to  the  Societe  Royale  de 
Medecine,  1773,  made  his  colleagues  enthusiastic  partisans 
of  the  new  method  of  treatment.  Thus  manifold  uses  were 
made  of  electricity — as,  electric  baths,  electric  streams,  elec- 
tric inhalation,  or  electric  sparks  or  shocks,  in  which  latter 
a  powerful  irritant  for  impaired  nervous  sensibility  was 
recognized.  Cavallo  collected  the  varied  observations  in  his 
"  Essay  on  the  Theory  and  Practice  of  Medical  Electricity," 
London,  1780.  He  found  electricity  efiicacious  in  paralysis 
of  the  muscles,  impaired  vision  or  hearing,  chorea,  epilepsy, 
chronic  rheumatism,  scrofulous  enlargement  of  the  glands, 
tape-worm,  and  especially  as  a  means  of  reanimating  the  ap- 
parently dead.  Soon,  however,  after  the  failure  of  many  a 
hope,  and  after  the  discovery  of  an  incomparably  more 
abundant  source  of  electricity  in  galvanism,  had  attracted  the 
attention  of  the  learned  world,  they  turned  their  backs  on 
the  electric  machine  and  Ley  den  jar,  in  order  to  employ  the 
new  panacea  with  still  more  sanguine  expectations. 
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Let  US  glance,  for  a  moment,  at  the  tlierapeutical  applica- 
tion of  the  magnet,  which  we  could  not  well  pass  unnoticed. 
Although  its  power  was  not  unknown  to  the  ancients,  it 
was  not  until  the  middle  ages  that  the  attention  of  the  phy- 
sician was  particularly  directed  to  it.  Paracelsus,  especially, 
recommended  it  "  as  a  remedy  which  possessed  such  myste- 
rious properties,  that  one,  without  it,  could  accomplish  noth- 
ing, and,  further,  it  was  an  agent  so  excellent  in  the  hands 
of  the  medical  inquirer,  that  none  could  be  found,  far  or 
near,  of  which  so  much  could  be  said."  The  results,  how- 
ever, were  very  insignificant  so  long  as  the  feeble  action  of 
the  loadstone  only  was  at  command ;  these  were  rendered 
more  important  about  the  middle  of  the  last  century  by  the 
preparation  and  use  of  artificial  magnets,  particularly  by 
those  of  Maximilian  Hell,  of  Yienna. 

After  Galvani,  in  1Y89,  discovered  contact  electricity,  and 
had  found  that,  by  touching  an  exposed  nerve  or  muscle  with 
two  connected  metals,  convulsive  contractions  are  produced, 
which,  however,  immediately  disappear,  when  the  .connec- 
tion is  broken,  he  concluded  that  there  must  be  present  in 
animals  an  electric  fluid  upon  which  all  muscular  action  de- 
pends. To  this  fluid  he  gave  the  name  Animal  Electricity, 
and  so,  in  appearance,  prematurely  made  an  assertion,  the 
correctness  of  which,  after  long  battling,  has  recently  been 
recognized.  Alexander  Yolta  opposed  this  theory,  and 
showed  that  the  metals  necessary  to  the  production  of 
this  phenomenon  must  be  heterogeneous;  that  it,  on  the 
contrary,  was  not  necessary  to  bring  the  nerve  and  muscle 
into  contact  with  both  metals,  but  that  the  simultaneous 
contact  of  two  points  of  a  nerve  or  muscle  was  sufficient  to 
produce  the  phenomenon.  Through  the  construction  of  the 
pile  that  bears  his  name,  he  at  the  same  time  became  the 
originator  of  the  present  system  of  galvanism  and  of  the 
discoveries  that  are  the  pride  of  our  century.  But  Yolta,  as 
well  as  Yalli,  still  contended  that  the  nerve-fluid  was  electric 
in  its  nature,  and  only  by  contact  with  different  metals  could 
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be  put  in  motion;  while  Eeil,  Gren,  Fontana,  and  others, 
denied  the  existence  of  animal  electricity,  and  saw  in  the 
electricity  generated  by  different  metals  an  irritant  for  the 
sensitive  muscular  fibres. 

In  1Y9T  Humboldt  published  his  celebrated  work,^  in 
which  he  showed  the  power  of  galvanism  to  effect  an 
immediate  change  in  the  secretions,  studied  the  action  of 
galvanism  on  the  nerves  and  muscles,  and  demonstrated  the 
dependence  of  nervous  sensibility  on  external  circumstances, 
such  as  muscular  exertion,  diseased  conditions,  etc.,  and  thus 
gave  to  science  the  results  of  his  experiments  with  a  power 
which,  since  then,  has  played  so  important  a  part  in  physi- 
ology. In  the  mean  time  Yalli  proposed  electricity  as  a 
test  in  cases  of  apparent  death.  Hufeland  and  Sommering 
designated  the  phrenic  nerve  as  the  one  best  adapted  to  the 
use  of  galvanism  as  a  means  of  resuscitation.  Pfaff,  Reil, 
Humboldt,  and  others,  recommended  contact  electricity  as 
especially  efficacious  in  cases  of  paralysis  of  certain  organs. 
Until  now,  however,  the  experiments  had  been  made  only 
with  certain  chain-connections.  But  when  Yolta's  pile,  con- 
structed in  1800,  attracted  the  more  general  attention  of  the 
profession  with  its  magnificent  revelations,  Loder,  in  Jena, 
assisted  by  Bischoff  and  Lichtenstein,  Grapengiesser  and 
Hers,  in  Berlin,  and  the  medical  school  under  the  direction 
of  Haller,  in  Paris,  resorted  to  it  in  cases  of  paralysis  of  the 
extremities  and  the  nerves  of  sense.  At  the  same  time. 
Professor  Schaub,  in  Cassel,  and  Eschke,  director  of  the  In- 
stitution for  the  Deaf  and  Dumb  in  Berlin,  employed  it  in 
cases  of  impaired  hearing  and  of  deaf  mutes ;  and  Aldini 
and  Bichat  were  the  first  to  experiment  on  the  bodies  of 
those  who  had  been  executed  (1802).  In  general,  galvanism 
had  greater  difficulties  to  contend  against  in  Italy  and 
France  than  in  Germany.  E'evertheless,  in  Italy,  according 
to  the  observations  of  Gentili  and  Palazzi,  isolated  cases  of 

^  Versuch  uber  die  gereizte  Muskel-  und  Xervenfaser,  etc.    Band  i. 
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melanclioly  were  cured  by  the  new  remedy.  It,  however, 
jfrequently  failed.  This  was  due,  in  a  great  measure,  to  a 
want  of  discrimination  on  the  part  of  the  practitioner,  to 
the  incompleteness  of  the  apparatus,  and  to  other  causes. 

In  consequence  of  these  failures,  the  scientifically-educated 
physicians  were  slow  to  recognize  galvanism  as  a  therapeu- 
tical agent,  and  as  a  natural  sequence,  it  fell  into  the  hands 
of  charlatans,  who  hawked  the  pile  of  Yolta  in  the  market- 
places as  a  panacea  for  every  imaginary  ailing.  With  it 
they  pretended  to  make  the  blind  to  see,  the  deaf  to  hear, 
and  the  lame  to  walk.  Mesmerism  also — which  made  its 
appearance  about  this  time,  and  spread  rapidly  through 
France  and  Germany,  finding  adherents  even  among  physi- 
cians, Hufeland,  Wolfart,  Kluge,  and  others — contributed  to 
deter  the  profession  from  studying  electricity  with  the  view 
of  turning  it  to  practical  account,  and  to  confuse  the  people 
in  their  conceptions  of  magnetism  and  electricity — so  that, 
at  last,  mineral  and  animal  magnetism,  talismans,  amulets, 
charms,  and  sympathetic  cures  were  all  placed  in  the  same 
category.  Thus  faith  was  lost,  not  only  in  the  miraculous, 
but  also  in  the  healing  powers  of  electricity,  and  we  have  in 
this  period  only  a  few  names  to  mention  which  are  of  any 
importance  in  its  history.  To  these  belong  G.  F.  Most,* 
Sarlandiere,  who,  by  the  adoption  of  acupuncture,  rendered 
the  action  of  electricity  on  the  deeper  organs  possible,  and 
Magendie,  who,  by  the  authority  of  his  name,  sustained  the 
waning  confidence  in  this  remedy. 

With  Faraday's  discovery  of  induction  electricity  began 
a  new  era  in  its  application  to  medicine.  In  1832Pixii  con- 
structed the  first  magneto-electric  rotary  machine,  to  which, 
later,  Saxton,  Keil,  Ettinghausen,  and  Stohrer  made  im- 
portant improvements.  As  the  high  price  of  this  apparatus 
prevented  its  general  use,  Aldini,  ISTeef,  Wagoner,  Eauch, 
and    others    constructed  cheaper   Yolta-electric  machines, 

^  t5^ber  die  grossen  Heilwirkungen  des  in  unsern  Tagen  mit  Unrecht  ver- 
nachlassigten  Galvanismus.     Liineburg,  1823. 
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whicli  Duchenne,  Du  Bois-Reymond,  and  Stohrer  consider- 
ably improved.  Physicians,  naturalists,  and  physiologists 
now  devoted  themselves  with  equal  ardor  to  electricity. 
Marshall  Hall,  Golding  Bird,  Stokes,  Phillips,  Graves,  Dono- 
van, among  the  English — ^Poisseuille,  Petrequin,  Masson, 
Duchenne,  A.  Becquerel,  etc.,  among  the  French — and  Weber, 
Froriep,  Schuh,  Heidenreich,  Richter,  Moritz  Meyer,  Schulz, 
Erdman,  Baierlacher,  Eckhard,  Remak,  Heidenhayn,  A. 
Pick,  Ziemssen,  Althaus,  Rosenthal,  Benedict,  Prommhold, 
etc.,  among  the  Germans. 

Pravaz  was  the  first  to  conceive  the  idea  of  curing  aneu- 
rism by  galvano-puncture.  Listen  the  first  to  test  the  method 
on  the  human  subject,  and  Cinisilli  the  first  who  succeeded. 
Bertani  and  Milani  made  use  of  electricity  in  varices,  while 
Radford,  Simpson,  Frank,  and  others  used  it  in  obstetrics. 

Encouraged  by  Davy's  and  Ritter's  observations  relative 
to  the  influence  of  large  plate  voltaic  cells  in  producing  heat, 
Crussel,  Marshall,  Middeldorpf,  Alph.  Amussat,  Zsigmondy, 
Schuli,  etc.,  made  use  of  the  platinum  wire  loop  as  a  cau- 
terizing apparatus  for  surgical  purposes. 

After  ISTicholson  and  Carlisle,  through  the  voltaic  pile, 
had  decomposed  water  and  Davy  the  alkalies,  here  and  there 
was  to  be  found  a  physician  who  made  use  of  the  chemical 
action  of  electricity  for  physiological  and  therapeutical  pur- 
poses- Heidenreich,  with  the  pile,  decomposed  the  blood, 
Prevost,  Dumas,  and  Bence  Jones  calcareous  deposits  in  the 
bladder — Crussel,  Colley,  Willebrand,  and  Wells  used  it  in 
cases  of  malignant  tumors  and  ulcers — Fabre-Palaprat, 
Orioli,  etc.,  endeavored  to  introduce  medicines  into  a  part  of 
the  human  body  ;  and,  finally,  Yerques,  Poey,  and  Meding 
to  remove  metals  from  the  organism. 

Besides  the  advances  in  therapeutics  thus  made  through 
electricity  in  the  broad  fields  of  medicine,  surgery,  and  ob- 
stetrics, owing  chiefly  to  the  researches  of  Hall,  Duchenne, 
Myer,  and  Benedict,  the  new  agent  was  made  serviceable  in 
other  ways.    Thus  Duchenne,  by  perfecting  the  necessary  ap- 
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paratus,  as  well  as  bj  an  improved  (localized)  application  of 
the  inductive  current,  succeeded  in  introducing  electricity 
into  medicine  as  an  important  diagnostic  aid.  During  tlie 
last  decade,  Eemak  endeavored  to  become  more  thoroughly- 
acquainted  with  the  physiological  difference  in  the  action  of 
the  constant  and  interrupted  electric  currents,  to  assign  the 
diseases  of  the  muscles  and  nerves  almost  exclusively  to  the 
former,  and  to  extend  its  efficacy  to  the  treatment  of  cerebral 
and  spinal  affections. 

His  observations  in  this  field  are  recorded  in  his  treat- 
ise on  Galvano-therapeutics,  and  in  a  little  brochure,  as 
valuable  as  it  is  small, ^  which  he  published  a  short  time 
before  his  death,  and  left  as  a  sacred  inheritance  to 
electro  -  therapeutists.  Extravagant  as  Remak  often  was 
in  his  opinions,  unjust  as  he  often  was  relative  to  the 
claims  of  the  interrupted  current  (which  no  electro-thera- 
peutist can  do  without,  and  to  which  many  owe  their  great- 
est successes),  and,  finally,  prone  as  he  was  to  draw  the  least 
favorable  conclusions  as  to  the  extent  of  its  efficacy  from  one 
or  a  few  cures,  still  those  who  had  an  opportunity  to  closely 
notice  his  brilliant  services  must  indorse  the  words  of  Graefe,' 
that  "  Remak,  by  introducing  the  constant  current  into  the 
practice  of  medicine,  enriched  it  with  an  invaluable  treasure, 
whose  aid,  in  numerous  otherwise  incurable  cases,  is  incalcu- 
lable." It  becomes  Remak's  successors  to  test  his  observations 
without  prejudice,  to  separate  the  many  kernels  from  the  chaff, 
and  to  circumscribe  within  proper  limits  the  immoderately 
large  field  over  which  the  application  of  electricity  has  extend- 
ed. At  the  same  time,  they  should  condemn  none  of  his  asser- 
tions without  proper  investigation,  as  he  was  one  of  those  bril- 
liant geniuses  who  often  instinctively  discover  the  right,  and 
in  whose  extravagant  expressions  there  is  always  a  healthy 
germ  and  more  or  less  truth.     Besides,  the  application  of  the 

^  Application  du  Courant  constant  au  Traitement  des  Nevroses,  etc.  Paris : 
Bailliere.     1865. 

2  Ber.  Klin.  Wochenschrift,  1865,  p.  479. 


8  HISTORY   OF   MEDICAL    ELECTRICITY. 

constant  current,  wliicli  Eemak  introduced  into  practical 
medicifie,  at  a  time  when  the  incompleteness  of  the  galvanic 
elements  rendered  a  daily  cleansing  of  the  battery  necessary, 
is  to-day — thanks  to  the  improvements  of  Meidinger,  Smee, 
Stohrer,  and,  above  all,  of  Siemens  and  Halske  in  the  quality 
of  the  elements,  for  the  purposes  of  telegraphy — attended 
with  far  less  difficulty,  although  a  convenient,  transportable 
battery  still  remains  a  great  necessity. 

In  conclusion,  we  must  also  refer  to  those  who  have  en- 
deavored to  establish  the  laws  that  govern  the  electrical  cur- 
rents of  the  various  animal  tissues  and  organs — a  Ritter, 
Pfaff,  l^obili,  Matteucci,  etc. — with  the  aid  of  whose  re- 
searches Du  Bois-Reymond  was  enabled  to  give  to  so-called 
animal  electricity  a  scientific  basis,  to  discover  the  laws  that 
govern  the  muscular  and  nervous  currents,  and  establish  the 
influence,  on  the  latter,  of  external  electrical  currents. 
Adopting  as  a  basis  these  researches,  which  Du  Bois-Rey- 
mond published  in  his  work,*  his  pupils  Pfliiger,  Ileiden- 
hayn,  J.  Rosenthal,  Y.  Betzold  and  others  continue  to  work 
on  with  restless  enthusiasm. 

'  Untersuchungen  iiber  thierische  Electricitat. 


SECOND   SECTION. 

OF  THE  ACTION  OF  THE  ELECTRIC  CURRENT  IN  GENERAL. 

Electeicity  has  thus  far  been  employed  in  medicine,  as 
obtained  from  the  sources  of  friction,  contact,  and  induction. 

I.    FRICTION   ELECTRICITY. 

If  we  rub  a  glass  tube  lengthwise  with  a  woollen  cloth 
or  with  a  piece  of  leather,  over  which  an  amalgam  of  quick- 
silver and  zinc  or  tin  has  been  spread,  it  will  become  electric, 
and,  provided  the  negative  electricity  generated  at  the  same 
time  is  properly  conducted  away,  it  will  share  its  electricity 
with  another  non-electric  body  brought  in  contact  with  it. 
In  order  to  produce  friction-electricity,  we  use  either  an 
electrophorus,  which  in  a  long  time  produces  but  little  elec- 
tricity, or  an  electric  machine.  With  the  latter  a  large  quan- 
tity of  electricity  may  be  communicated  to  an  isolated  body 
by  simple  contact.  The  sparks,  when  they  touch  the  skin, 
cause  an  unpleasant  twitching  and  a  pricking  sensation, 
and  produce  small  spots  not  unlike  the  bites  of  the  gnat,  and 
sometimes  little  blisters,  according  to  the  size  and  strength  of 
the  sparks.  The  skin,  at  the  same  time,  is  reddened,  and 
the  sensibility  increased.^  The  action  does  not  extend  to  the 
subcutaneous  tissues,  and  is  hardly  capable  of  producing 
any  contraction  of  the  superficial  muscles.  The  electricity 
of  the  electric  machine  has  been  applied  in  various  forms : 
as  electric  air-baths,  in  an  uninterrupted  electric  current,  as 
electric  baths,  electric  inhalation,  etc.,  but  all  these  methods 

^  Sundelin,  Anleitung  zur  medicin.  Anwendung  der  Electricitat  und  des 
Galvanismus.     Berlin,  1822,  p.  49. 
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belong  rather  to  the  history  of  electricity  than  to  its  thera- 
peutical application,  with  which  we  are  here  especially  oc- 
cupied,^ 

The  Ley  den  jar  produces  far  more  important  physiologi- 
cal effects,  by  transmitting  a  larger  quantity  of  electricity 
to  a  small  area  of  any  given  portion  of  the  body.  If  we 
place  one  hand  on  the  button  and  the  other  in  connection 
with  the  external  rim  of  the  jar,  an  unpleasant  convulsive 
shock  is  produced.  If  the  jar  be  lightly  charged,  the  shock 
is  felt  in  the  fore-arm ;  if  more  strongly,  it  is  felt  in  the  upper 
arm ;  if  still  more  strongly,  the  shock  causes  a  penetrating 
pain  in  the  breast.  The  action  extends  to  the  deeper  tissues, 
and  the  muscles  contract  powerfully.  If  the  button  of  the 
Ley  den  jar  be  brought  in  contact  with  a  nerve,  the  sensation 
of  a  contusion  is  produced,  and  a  numbness  follows.  If  the 
quantity  of  electricity  be  still  further  increased,  the  limb  ftills, 
or  perhaps  even  the  body,  as  though  it  were  struck  by  light- 
ning. Even  a  weak  battery,  that  is,  a  connection  of  a  few 
small  jars,  is  sufficient  to  kill  small  animals,  such  as  birds, 
rabbits,  etc. ;  more  powerful  batteries  kill  even  dogs,  or  as 
lightning,  men.  The  skin  of  the  part  in  contact  is  marked 
with  burnt  spots,  bruises,  and  torn  wounds.  After  death  no 
anatomical  injuries,  sufficient  to  account  for  the  result,  are 
visible.  The  blood  in  the  heart  and  blood-vessels  is  not  co- 
agulated. 

In  accordance  with  the  above-mentioi^ed  phenomena,  we 
may  consider  the  use  of  the  Leyden  jar  indicated  in  cases 
where  an  irritant  is  wanted  for  the  superficial  tissues. 
Where  deeper  action  is  necessary,  on  account  of  the  un- 
pleasant and  dangerous  complication  which  attends  its 
use,  it  should  not  be  employed.     As,  however,  the  action 

^  The  English,  only  make  frequent  use  of  the  electric  machine  in  cases  where 
a  general  irritation  is  intended,  as  in  chorea,  rheumatism,  and  hysterical  and 
lead  paralysis,  when  they  generally  let  the  sparks  pass  over  the  spinal  column. 
(See,  "On  the  Value  of  Electricity  as  a  Remedial  Agent,"  by  William  Gull; 
Guy's  Hospital  Reports,  Second  Series,  vol.  viii.,  part  1.,  p.  80,  1852.) 
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on  the  superficial  tissues  may  be  more  perfectly  obtained  by 
galvanic  and  inductive  electricity,  to  which  we  shall  proceed 
to  give  our  attention,  the  Ley  den  jar,  for  therapeutical  pur- 
poses, has  fallen  into  disuse/ 

n.     CONTACT   ELECTRICITY   (gALVANISm). 

Galvanic  electricity  is  generated  by  bringing  in  contact 
two  dissimilar  conductors,  whether  solids  or  fluids,  or  by  the 
contact  of  metals  with  gases  or  fluids.  The  electricity  pro- 
duced by  the  contact  of  two  fluids,  compared  with  that 
generated  by  the  contact  of  metals,  is  very  weak.  But, 
though  all  metals  are,  in  general,  good  electromotors,  obser- 
vation has  proved  that  in  this  particular  a  great  difference 
exists  between  them.  Thus  zinc,  lead,  tin,  iron,  copper,  sil- 
ver, gold,  platina,  carbon,  form  a  series,  the  preceding  body 
of  which,  in  contact  with  any  of  the  following,  is  electrically 
positive,  the  electric  antagonism  increasing  in  a  direct  ratio 
to  the  distance  of  the  two  metals  from  each  other  in  the 
series.  Thus  a  zinc-carbon  or  a  zinc-platina  connection, 
particularly  when  diluted  sulphuric  or  nitric  acid,  or  a 
solution  of  chloride  of  ammonium  or  common  salt,  is  used 
as  an  intermediate  conductor,  forms  the  most  powerful 
battery. 

If  only  one  liquid  be  used  as  an  intermediate  conductor, 
the  current  is  unsteady — at  first  often  powerful,  but  soon 
decreasing  in  strength ;  while,  by  using  two  intermediate 
conductors,  the  more  perfect,  continued,  and  durable  cur- 
rent, the  so-called  constant  current,  is  produced.  This 
variableness  or  invariableness  of  the  current  depends  on  a 
chemical  decomposition  going  on  in  the  conducting  fluid, 
and  produces  the  so-called  polarization  of  the  plates.     This 

*  Notwithstanding  this  fact,  it  is  very  certain  that  friction  or  statical  elec- 
tricity is  beneficial  in  certain  diseases,  and  is  sometimes,  perhaps,  to  be  pre- 
ferred to  other  forms  of  the  agent.  Thus,  in  amenorrhoea  it  was  used  with 
great  success,  several  years  ago,  by  Dr.  Golding  Bird.  In  cases  of  suspended 
animation,  as  in  that  induced  by  submersion  in  water,  it  is  more  powerful  to 
restore  vitality  than  either  galvanism  or  faradism, — W.  A.  H. 
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process  causes  a  decomposition  of  the  fluids  in  which  the 
metals  are  immersed,  the  product  of  the  decomposition  col- 
lecting on  the  metal,  and  generating,  in  its  turn,  a  current, 
the  so-called  polarization-current,  which,  as  it  always  takes 
a  contrary  direction  to  the  one  by  which  it  is  produced, 
always  more  or  less  weakens  the  latter,  or  finally  wholly  de- 
stroys it.  If  we  have,  for  instance,  a  zinc  and  a  copper  plate, 
connected  by  a  wire  and  immersed  in  a  solution  of  sulphate  of 
zinc,  the  oxide  of  zinc  is  decomposed  in  such  a  manner,  that 
the  oxygen  goes  to  the  zinc  plate,  forming  new  oxide  of  zinc, 
while  metallic  zinc  collects  on  the  copper  plate.  Wlien  the 
copper  plate  has  completely  covered  itself  with  oxide  of  zinc, 
the  current  ceases,  for  the  reason  that  two  heterogeneous 
metals  are  no  longer  connected,  but  two  homogeneous.  If 
we  use,  instead  of  a  metal  solution,  diluted  sulphuric  acid, 
the  water  will  be  decomposed.  On  the  one  side  oxide  of 
zinc  will  be  formed,  while  on  the  other  the  copper  will  be 
covered  with  bubbles  of  hydrogen.  Oxygen  forms  the 
electro-negative  end  of  the  electrolytic  series,  while  hydrogen 
is  certainly  more  electro-positive  than  zinc,  in  consequence 
of  which  a  current  is  generated,  that  passes  from  the  hydro- 
gen deposit  to  the  oxygen  deposit,  that  is,  from  the  copper 
to  the  zinc,  in  the  direction  contrary  to  that  of  the  primary 
current. 

On  the  contrary,  if  we  insert  two  fluid  conductors  that 
are  separated  by  a  porous  body — an  animal  membrane  or 
plaster  cylinder — the  polarization  will  be  prevented.  In 
this  case,  the  metal  surfaces  will  be  kept  clean  by  the  water- 
forming  process  that  takes  place  on  the  partition-wall.  If 
we  have,  for  instance,  a  so-called  DanielPs  element,  that  is,  a 
zinc  cylinder  within  a  closed  membrane  filled  with  diluted 
sulphuric  acid,  and  this  within  a  copper  cylinder  filled  with 
blue  vitriol,  the  water  will  be  decomposed  on  the  inner  side 
of  the  membrane ;  the  oxygen  goes  to  the  zinc,  forming  ox- 
ide of  zinc,  which  is  dissolved  in  the  acid ;  the  hydrogen,  on 
the  contrary,  goes  to  the  membrane,  fonning,  at  the  same 
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time,  the  positive  pole  for  the  current  which  now  goes  over 
to  the  other  fluid.  The  oxide  of  copper,  on  the  contrary, 
will  be  decomposed  in  such  a  manner,  that  the  oxygen  goes 
to  the  partition- wall  to  form  water  by  uniting  with  the  hy- 
drogen that  is  produced  on  the  other  side ;  while  metallic 
copper  is  deposited  on  the  copper  plate  which  is  thus 
always  covered  with  a  coating  of  fresh  copper.  In  or- 
der to  keep  the  vitriol  solution  as  highly  concentrated  as 
possible,  a  surplus  quantity  of  the  crystallized  salt  may  be 
thrown  into  it,  or,  what  is  better,  a  gauze  bag  filled  with 
pulverized  blue  vitriol  may  be  suspended  in  the  solution. 

The  first  constant  battery  was  constructed  by  Becquerel. 
It  consists  of  a  hollow  copper  cylinder,  that  is  loosely  envel- 
oped in  a  bladder  in  such  a  manner  that  the  intervening 
space  can  be  filled  with  a  saturated  solution  of  blue  vitriol. 
The  bladder  is  surrounded  by  a  hollow  zinc  cylinder,  and 
the  whole  is  suspended  in  a  glass  or  porcelain  vessel,  con- 
taining diluted  sulphuric  acid,  or  a  solution  of  sulphate  of 
zinc,  or  common  salt.  The  battery  of  Daniell,  already  men- 
tioned, is  only  a  modification  of  Becquerel's.  The  constant 
batteries  (elements)  now  in  general  use,  besides  those  already 
named,  are  Grove's,  or  the  zinc-platina  battery,  and  Bunsen's, 
or  the  zinc-carbon  battery.  As  for  the  construction  of  the 
first,  it  consists  of  a  zinc  cylinder,  in  a  vessel  filled  with 
diluted  sulphuric  acid.  Within  the  cylinder  is  a  cell  of  po- 
rous clay,  containing  concentrated  nitric  acid  and  a  thin 
plate  of  platina.  The  decomposition  takes  place  as  follows : 
the  hydrogen  generated  by  the  dissolution  of  the  zinc  in  the 
sulphuric  acid  is  immediately  oxidized  at  the  expense  of  the 
nitric  acid,  whereby  nitrous  acid  is  formed,  which  escapes 
in  the  form  of  vapor.  Owing  to  the  cost  of  platina,  in  its 
stead,  lead,  plated  with  platina,  is  used.  As  the  lead  here 
acts  only  as  a  conductor,  so  long  as  the  platina  lasts,  this 
substitute  does  as  well  as  pure  platina. 

In  the  Bunsen  battery,  instead  of  platina,  carbon  is  used, 
which  is  still  more  electro-negative.    A  Bunsen  element  con- 
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sists  of  a  cylinder  of  prepared  carbon,  placed  in  a  clay  cylinder, 
closed  at  the  bottom.  The  latter  is  surrounded  by  a  zinc  cylin- 
der, open  at  botli  ends,  which  stands  in  a  glass  vessel.  The  glass 
is  filled  with  diluted  sulphuric  acid,  the  clay  cylinder  with 
concentrated  nitric  acid.  The  Bunsen  battery  is  almost  as 
powerful  and  much  cheaper  than  Grove's,  but,  like  the  lat- 
ter, owing  to  the  production  of  nitrous-acid  fumes,  is  objec- 
tionable. Besides,  it  has  the  disadvantage  of  being  less 
reliable  in  its  action,  the  consequence  of  the  imperfect 
composition  of  the  carbon,  the  causes  of  which  have  thus  far 
not  been  explained.  The  current,  though  powerful  at  first, 
gradually  loses  in  strength,  and  often  cannot  be  restored  to 
its  original  integrity,  either  by  cleansing  the  elements  or  by 
renewed  filling.  In  order  to  remove  the  first  objection,  on 
Poggendorf 's  recommendation,  instead  of  sulphuric  acid,  a 
mixture,  consisting  of  one  pound  of  bichromate  of  potash,  one 
pound  of  sulphuric  acid,  and  a  quart  of  water,  is  used.  Here 
sulphate  of  potash  and  chromic  acid  are  at  first  formed ;  the 
chromic  acid  is  reduced  to  oxide  of  chromium,  which  enters 
into  combination  with  another  par4:  of  the  sulphuric  acid 
and  the  above  sulphate  of  potash,  forming  the  double  com- 
bination, chrome  alum  (consisting  of  sulphate  of  potash 
and  sulphate  of  the  oxide  of  chromium),  which  is  deposited 
on  the  carbon.  In  order  to  render  the  action  of  the  carbon 
more  reliable,  of  late,  instead  of  the  coal  cylinder  formerly 
used,  artificial  plates  or  cylinders  have  been  employed. 
These  are  prepared  from  the  coke  that  remains  in  gas  retorts. 
The  process  consists  in  mixing  together  with  water  a  quan- 
tity of  finely-powdered  coke  and  baked  coal-dust,  then  heat- 
ing the  mixture  and  saturating  the  porous  mass  with  a  con- 
centrated solution  of  sugar,  and  finally  drying  it  and  bringing 
it  to  a  white  heat. 

As  for  the  zinc  cylinder,  which,  in  a  large  majority 
of  batteries,  forms  the  positive  metal,  Joh.  Wilh.  Ritter 
discovered  that,  by  plunging  it  into  quicksilver  after  it 
had  been  cleaned  with  sulphuric  or  hydrochloric  acid,  it 
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became  far  more  positive,  and  consequently  by  tliis  process 
the  element  became  proportionately  more  active  and  durable. 
This  is  due,  probably,  to  the  fact  that  the  zinc  of  commerce  is 
always  rendered  impure  by  the  presence  of  other  metals,  and 
never  has  a  homogeneous  surface,  so  that  by  contact  with 
the  acids  little  galvanic  currents  are  formed,  by  which  it  is 
rapidly  destroyed.  By  the  coating  of  zinc-amalgam  this 
action  is  prevented.  It  is  a  good  plan,  in  order  to  make  the 
quicksilver  penetrate  as  deeply  as  possible  into  the  zinc,  to 
warm  the  cylinder  thoroughly  preparatory  to  the  amalga- 
mation. By  covering  the  outer  surface  with  varnish,  for  in- 
stance, amber  varnish,  the  power  of  the  zinc  to  resist  the 
acids  will  be  still  further  increased.  In  general  the  positive 
metal  is  made  tolerably  large,  in  order  to  present  to  the 
moist  conductor  as  large  a  surface  as  possible ;  on  the  con- 
trary, the  negative  metal  should  not  be  so  large,  since  other- 
wise the  coating  of  hydrogen,  formed  by  the  passage  of  the 
electric  current,  will  be  too  considerable  to  be  carried  off 
by  the  current. 

A  frequently-used  modification  of  Daniell's  battery  is 
that  of  Meidinger.  In  the  interior  of  a  large  glass  vessel,  a 
small,  conical  glass  cylinder,  with  a  small  opening,  is  fastened, 
and  is  filled  with  a  solution  of  sulphate  of  copper,  while  the 
larger  vessel  contains  the  zinc  in  a  concentrated  solution  of 
sulphate  of  magnesia. 

Of  the  other  galvanic  elements  that  have  been  used  for 
therapeutic  purposes,  Smee's  cell  and  Hare's  calorimeter  are 
worthy  of  notice.  The  former  consists  of  a  thin  plate  of 
platinized  silver,  which  is  separated  by  cushions  of  gutta- 
percha from  the  amalgamated  zinc  plates  that  are  placed  on 
each  side  of  it.  The  plates  are  suspended,  without  any  po- 
rous diaphragm,  in  sulphuric  acid,  twenty-five  times  diluted. 
The  silver  plate  of  Smee's  element  must  not  be  too  thin,  and 
must  possess  a  certain  stiffness,  which  makes  such  a  battery 
tolerably  expensive.  The  Engineer  Board  (Genie-Comite) 
in  Vienna  have  remedied  this  objection  by  constructing  the 
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zinc-lead-platina  battery,  which,  besides,  possesses  the  ad- 
vantage that  the  lead  and  platina  having  a  far  greater 
affinity  than  silver  and  platina,  the  platinizing  is  more  rapid, 
more  thorough,  and  more  durable.  Hare's  calorimeter  con- 
sists of  a  large  compound  zinc  and  copper  plate,  the  elements 
of  which  are  separated  by  strips  of  cloth,  and  secured  in  a 
spiral  form,  so  that  the  upper  surface  presents  from  fifty  to 
sixty  square  feet,  the  whole  placed  within  a  wooden  cylinder 
three  inches  thick  and  eighteen  inches  high,  in  which  the 
dilute  sulphuric  acid  is  poured.* 

When  the  two  metals  of  a  simple  battery,  or  the  termi- 
nating metals  of  a  series  of  simple  batteries  (a  compound 
battery),  are  connected,  the  circuit  is  said  to  be  closed,  and 
the  wire  connecting  the  poles  is  called  the  connecting  arch. 

In  the  closed  battery  the  opposing  currents  unite  through 
the  arch  closing  the  series,  and  the  current — in  contrast  with 
the  current  produced  by  friction-electricity,  which,  with  all 
its  strength,  is  of  short  duration,  continuing  only  so  long  as 
is  necessary  to  neutralize  the  electricity  collected  on  the  con- 
ductors— continues  uninterrupted  until '  the  difference  in  the 
tension  of  the  two  metals,  through  the  complete  solution  of 
one  metal  in  the  fluid,  is  adjusted.  The  direction  of  the 
current  in  the  terminal  arch  is  always  from  the  metal  stand- 
ing lowest  in  the  electrolytic  series  toward  the  one  standing 
highest ;  for  example,  from  the  copper  to  the  zinc,  and  there- 
fore the  projecting  point  of  the  copper  is  called  the  positive, 
the  projecting  point  of  the  zinc  the  negative  pole.  This 
designation  it  is  all  the  more  necessary  to  observe,  as  zinc,  by 
contact  with  copper,  becomes  electrically  positive,  and  is 
consequently  the  positive,  while  the  copper  becomes  the 

^  Of  late,  batteries  have  also  been  constructed  of  one  metal  only,  for  in- 
stance, of  iron.  The  action  of  such  batteries  is  due  to  the  fact  that  certain 
metals,  for  example,  iron,  when  subjected  to  the  action  of  very  concentrated 
sulphuric  acid,  become  passive  or  electro-negative,  being  no  longer  corroded 
by  nitric  acid,  and  taking  in  a  measure  the  place  of  platina.  Thus,  batteries 
are  constructed  of  common  and  passive  iron,  and  nitric  acid  and  sulphuric  acid 
can  be  used  as  moist  conductors. 
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negative  metal.  In  the  conducting  fluid  the  current  always 
goes  in  the  contrary  direction,  that  is,  from  the  zinc  through 
the  fluid  to  the  copper.  In  every  open  battery,  no  matter 
whether  simple  or  compound,  each  pole  has  free  electricity 
of  a  certain  tension,  the  quantity  of  which  is  equal  at  each 
pole.  At  the  positive  pole  it  is  represented  by  +,  at  the 
negative  pole  by  — .  The  tension  increases  with  the  num- 
ber of  the  elements  in  arithmetical  progression,  so  that  in 
the  middle  of  the  pile,  at  the  so-called  neutral  point,  there 
is  a  pair  of  plates  that  have  no  free  electricity,  and  by  which 
the  pile  is  divided  into  two  equal  opposing  halves. 

If  the  current  is  conducted  by  means  of  a  straight  wire, 
parallel  with  and  over  or  under  a  magnetic  needle,  the  needle 
will  deviate  in  proportion  to  the  number  of  the  elements. 
The  direction  of  the  deviation  is  variable,  depending  upon 
the  current  being  conducted  over  or  under  the  magnetic 
needle,  or  whether  the  direction  of  the  current  be  changed 
or  not.  In  order  to  determine  the  direction  of  the  current 
from  the  position  of  the  needle,  the  following  rule  of  Am- 
pere is  used:  Imagine  to  yourself  a  human  figure,  intro- 
duced into  the  current  so  that  it  enters  at  the  feet  and  goes 
out  at  the  head.  If  the  figure  turns  its  head  toward  the 
needle,  the  north  pole  of  the  needle  will  always  be  turned 
toward  the  left  of  the  figure.  By  this  rule  we  see  that  the 
several  parts  of  the  current  which  is  led  in  a  circle  around  a 
needle  all  tend  in  like  manner  to  make  the  needle  deviate, 
and  also  to  mutually  strengthen  one  another.  In  order, 
therefore,  to  produce  an  observable  deviation,  it  is  only  ne- 
cessary to  have  a  greater  number  of  well-isolated  coils  of  the 
wire  in  a  parallel  direction.  Such  an  instrument,  which 
serves  to  recognize  weak  currents,  and  to  determine  their 
direction,  is  called  a  multiplicator,  and  may  be  used  as  a 
galvanometer. 

If  we  turn  now  to  the  action  of  the  electrical  currents, 
we  must  recognize  two  distinct  series  of  them,  the  one  going 
on  in  the  conducting  body  itself,  the  other  in  the  distance — 
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both  always  proportionably  present.     To  the  first  belong: 

1.  The  electro-motor  action,  which  the  current  produces  in  the 
moist  conductors  in  porous  vessels,  membranes,  etc. ;  2.  The 
thermal  or  caustic  action,  that  is,  the  warming  of  the  con- 
ductors ;  3.  The  chemical  action,  which  comprehends  the 
physiological  (the  phenomena  of  motion  and  sensation).  To 
the  action  in  the  distance  belong :  1.  The  deviation  of  the 
magnetic  needle  (magnetic  action  of  the  electric  current) ; 

2.  The  magnetizing  of  soft  iron  (electro-magnetic  action); 

3.  Induction,  or  the  power  of  an  electric  current  to  produce 
a  second  current  in  a  distant  conductor. 

The  action  of  a  battery  depends,  under  like  circum- 
stances, upon  the  tension  which  its  poles  have  when  open. 
This  varies  with  the  combination  and  number  of  the  ele- 
ments, and  is  called  the  electro-motor  power.  If  we  imagine 
a  metallic  wire,  of  equal  size  in  its  entire  length,  bent  into  a 
circle,  and  further  imagine  any  point  to  be  the  seat  of  the 
electro-motor  power,  then,  in  any  given  time,  the  same  quan- 
tity of  electricity  will  pass  this  point.  The  quantity  of 
electricity,  however,  which,  in  any  given  time,  passes  the 
imaginary  point  of  the  circuit,  is  called  the  current-power, 
which  is  measured  either  by  the  electro-magnetic  power  of 
the  stream,  as  shown  by  the  extent  of  the  deviation  of  the 
magnetic  needle  of  the  galvanometer,  or  by  the  electro- 
chemical action,  as  evidenced  by  its  power  to  decompose 
chemical  combinations.  The  greater  the  electro-motor 
power,  the  greater  will  also  be  the  strength  of  the  current ; 
that  is,  the  latter  will  be  in  direct  proportion  to  the  former. 
The  reverse  is  true  with  regard  to  the  opposing  power  of  the 
conductors.  Every  substance  that  possesses  the  power  of 
conducting  electricity  lessens  the  rapidity  of  the  electrical 
current,  and  this  in  direct  proportion  to  its  size.  This  so- 
called  resistance  is,  consequently,  in  indirect  proportion  to 
the  strength  of  the  current.  If  we  let  C  represent  the 
strength  of  the  current,  E  the  electro-motor  power,  K  the 
resistance,  we  have,  in  accordance  with  the  Ohm  law,  the 


CONTACT   ELECTEICITY   OR   GALVANISM.  19 

E 

formula  C  =  r=r-  :   the  strength  of  the  current  equals  the 

electro-motor  power  multiplied  by  the  resistance. 

This  law,  the  most  important  for  the  rational  application 
of  electricity  in  medicine,  retains  its  validity  even  when  sev- 
eral opposing  bodies,  different  in  quantity  and  quality,  are 
found  in  the  circuit.  The  power  of  a  body  to  oppose  the 
movement  of  a  current  varies,  however,  very  greatly  accord- 
ing to  form,  length,  diameter,  temperature,  peculiarities  of 
composition,  etc.  Its  dependence  on  form  cannot,  in  most 
cases,  be  expressed  by  a  simple  formula ;  on  the  contrary, 
however,  it  can  be  experimentally  demonstrated.  On  the 
other  hand,  it  is  found  to  be  a  general  law,  that,  with  the 
increased  length  of  the  wire  introduced,  the  conducting 
resistance  increases,  or,  what  is  the  same,  the  strength  of  the 
current  decreases  ;  and,  conversely,  with  a  wire  of  increased 
diameter,  the  resistance  decreases,  or  the  current-power  in- 
creases. So  far,  therefore,  as  the  resistance  depends  on  the 
length,  L,  and  the  diameter  of  the  conductor,  D,  it  may  be 

S 
expressed  by  the  formula  R  =  ^  :  the  resistance  equals 

the  length  multiplied  by  the  diameter. 

Relative  to  the  influence  of  temperature,  it  is  found  that, 
with  metals,  the  resistance  increases  as  the  temperature  is 
raised ;  with  fluids,  however,  other  conditions  remaining  the 
same,  the  reverse  takes  place. 

An  important  influence  is  exercised  over  the  resistance 
by  the  quality  of  the  conductor  or  the  substance  of  which  it 
is  made ;  and  here  innumerable  differences  are  to  be  con- 
sidered— thus,  for  example,  the  resistance  of  copper  com- 
pared to  that  of  water  is  as  1  :  4,000  millions,  the  resistance 
of  copper  compared  to  that  of  a  concentrated  solution  of 
sulphate  of  copper  is  as  1  :  11  millions,  etc.  As  a  general 
thing,  the  metals  offer  the  least  conducting  resistance ;  but 
their  specific  conductive  power  varies.  If,  for  example,  we  let 
the  conductive  power  of  pure  silver  =  100,  then  that  of  cop- 
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per  =  80,  of  gold  =  55,  of  zinc  =  27,  of  iron  =  15,  of  platina 
=  10,  of  quicksilver  =  2/  The  resistance  of  the  fluids  is 
far  greater ;  the  best  conductor,  perhaps,  among  them — sul- 
phuric acid — is  about  a  million  times  below  silver.  Sul- 
phuric acid  and  water,  mixed  in  certain  quantities,  oflfers  the 
least  resistance  of  all  the  fluids  thus  far  tested  ;  while  each 
of  these  fluids  separately  is  a  very  bad  conductor. 

With  regard  to  the  conduction  resistance  of  the  animal 
body  in  general.  Cavendish  seems  to  have  been  the  first  to 
represent  that  the  animal  tissues  are  equally  as  bad  conduct- 
ors as  the  fluids.  ^N'evertheless,  the  number  of  methodical 
experiments  made  with  the  view  of  ascertaining  the  conduc- 
tion resistance  of  the  animal  tissues  generally,  as  well  as  of 
determining  the  difference  between  them,  remained  very 
small  up  to  a  recent  date.  It  has  long  been  known,  that 
vegetable  and  animal  matter  are  conductors  only  by  vir- 
tue of  the  water  they  contain,  and,  when  desiccated,  be- 
come non-conductors,  and  that  the  animal  fluids  and  the 
parts  moistened  by  them  are  better  conductors  than  cold 
water.  Ritter  had  already  recognized  the  formidable  resist- 
ance offered  by  the  epidermis  to  the  passage  of  the  electric 
current.  For  this  reason,  Humboldt  experimented  on  parts 
deprived  of  the  outer  skin  by  blistering,  and  found  the  re- 
sistance of  the  animal  body  considerably  lessened.  Many 
erroneous  opinions  were,  nevertheless,  entertained  with  re- 
gard to  the  nerves,  which  were  supposed  to  possess  peculiar 
conductive  powers.  The  researches  of  Person,  Pouilliet,  Ed. 
Weber,''  and  Lenz,  corrected  these  errors.  Their  deduc- 
tions are  founded  on  a  scientific  basis.  Pouilliet  estimates 
the  resistance  offered  by  the  human  body,  when  the  whole 
hand  is  immersed  in  water  to  which  one  per  cent,  of  sulphuric 
acid  has  been  added,  to  be  equal  to  that  which  forty-nine  thou- 

^  According  to  Heidemann  and  Franz,  the  conductive  power  of  the  metals 
for  electricity  and  heat  is  the  same. 

^  Qusestiones  physiologicse  de  phaenom.  galv.-magnet.  in  corp.  hum.  ob- 
servatis.    Commentatio  pro  facultate  scholas  acad.  habendi.     1836. 
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sand  and  eighty-two  metres  of  copper  wire  one  millim.  in 
diameter  offer  to  the  electric  current.  According  to  Lenz 
and  Ptschelnikoff/  the  resistance  of  the  human  body  is  equal 
to  that  of  a  copper  wire  91.Y62  metres  in  length  and  one  mil- 
lim. in  diameter.  It  was  further  discovered  that  the  human 
body  offers  the  same  resistance  as  a  body  impregnated  with 
blood  and  other  salty  fluids,  namely,  a  resistance  from  10  to 
20  times  less  powerful  than  distilled  water  equally  warm, 
and  equally  as  powerful  as  warm  salt  water.  Finally,  it 
was  shown  that  the  epidermis,  dry  and  cold,  offered  50  times 
more  resistance  than  the  whole  human  body,  from  the  right 
to  the  left  hand,  but  that  this  resistance  was  diminished  in 
proportion  as  it  was  warmed  and  moistened,  and  in  a  direct 
ratio  to  the  conductivity  of  the  moistening  fluid. 

With  regard  to  the  various  tissues.  Person"  was  the 
first  to  express  the  opinion  that  the  nerves  were  no  bet- 
ter conductors  than  the  muscles  or  other  moist  animal  tis- 
sues. According  to  Matteucci,  the  muscles  conduct  electrici- 
ty four  times  as  well  as  the  nerves  ;  according  to  Schlesinger,  ^ 
the  conductivity  of  the  muscles  to  that  of  the  nerves  is 
as  8  :  3 ;  according  to  Eckhardt,*  as  1.9  : 1.  Eckhardt  found, 
further,  that  sinews,  cartilage,  and  nerve-tissue  offer  no  per- 
ceptible difference  as  resistants,  and  that  it  is  difficult  to  de- 
termine which  of  the  three  is  the  best  conductor.  As  for  the 
cartilage,  he  found  the  resistance  of  the  compact  tissue  from 
16  to  22  times  greater  than  that  of  muscle,  while  the  resist- 
ance of  the  porous  tissue  was  considerably  less,  depending  on 
the  quantity  of  water  it  contained.  The  resistance  of  the 
skin  on  the  various  parts   of  the  body  differs  in  degree. 

^  tJhev  den  Leitungswiderstand  des  Korpers  gegen  galv.  Strome,  in  Pog- 
gendorf 's  Annalen,  Band  Ivi,,  Pag.  429,  seq. 

'  Sur  I'Hypothese  des  Courants  electriques  dans  les  Nerfs,  Magendie, 
Journal  de  Physiologie  Experimentale,  1830,  t.  x. 

'  Die  Electricitat  als  Heilmittel :  vom  physikalischen  und  experimental- 
physiologischen  Standpunkt  erortert,  Zeitschrift  der  Wiener  Xrzte,  1852,  Juli. 

*  Beitrage  zur  Anatomie  und  Physiologie.  Heft  I. :  "Cber  den  galvanischen 
Leitungswiderstand  der  thierischen  Gewebe. 
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This  depends,  for  tlie  most  part,  on  tlie  structure  of  tlie 
cliannels  througli  wliich  the  moisture  of  the  electrodes  or 
current-bearers  comes  in  contact  with  the  moist  parts  of 
the  human  body — for  example,  the  hair-bulbs  and  the  ducts 
of  the  sudorific  glands/ 

The  vessels  filled  with  blood  conduct  better  than  the 
muscles,  while  the  aponeuroses  and  the  subcutaneous  or 
intramuscular  cellular  tissue  ofier  to  the  electrical  current 
a  very  considerable  resistance.  The  resistance  of  the  mucous 
membranes,  owing  to  their  thinness,  as  well  as  to  their 
moisture,  is  but  slight.  The  worst  conductors  in  the  animal 
organism  are  the  horny  structures,  epidermis,  hair,  and 
nails.  According  to  Eckhardt  (1.  c),  the  resistance  of  the 
animal  tissues  seems  to  depend  altogether  on  two  factors— 
the  quantity  of  water  and  the  quantity  of  soluble  salts.  Of 
these  two  the  second  differs  far  less  than  the  first,  and  con- 
sequently the  specific  conductivity  is  in  a  direct  ratio  with 
the  quantity  of  water.  The  death  of  a  muscle  is,  therefore,  as 
Ranke '  discovered,  accompanied  by  a  decrease  of  resistance ; 
in  a  rabbit,  one-half,  and  in  a  frog,  one-third  of  the  original 
resistance,  because  the  product  of  the  decomposition  of  the 
muscle  is  a  far  better  conductor  of  electricity  than  the 
healthy  muscular  tissue.  The  decrease  in  resistance  discov- 
ered by  Du  Bois-Keymond  in  the  muscles  by  boiling  may  be 
explained  in  the  same  manner. 

In  conclusion,  the  question  arises.  Is  the  resistance  of  the 
tissues  altered  by  the  current  itself  ?  The  law  that  Benedict ' 
established  for  the  metals,  that  their  resistance  is  diminished 
by  the  constant  current,  is  equally  applicable  to  the  animal 
tissues. 

The  researches  of  the  above-named  observers  indicated 
many  other  circumstances  that  influence  the  increase  or  de- 

*  Remak  Galvanotherapie,  Pag.  81. 

2  Tetanus,  eine  physiologische  Studie.     Leipzig,  1863. 

3  Sitzungs-Bericht  der  kaiserlichen  Academic  der  Wissenschaften  in  Wien, 
Band  xxv.,  5.  590.     Juli  1857. 


CONTACT   ELECTRICITY  OR   GALVANISM.  23 

crease  of  the  conditions  of  resistance.  It  seems,  for  example, 
that  the  resistance  of  a  part  of  the  body  is  directly  propor- 
tioned to  the  length,  and  indirectly  proportioned  to  the 
thickness,  just  as  two  wires  of  the  same  metal  offer  an  equal 
resistance,  if  their  respective  lengths  are  in  an  inverse  ratio 
to  their  transverse  sections. 

Lenz,  at  all  events,  found  that  arms  and  legs,  in  the  six 
combinations  of  which  they  are  capable — right  arm  and  left 
leg,  right  leg  and  left  leg,  right  arm  and  right  leg,  etc. — 
offered  about  an  equal  resistance.  The  relation  of  the  surface 
of  the  part  to  its  thickness  seems,  besides,  to  have  its  influ- 
ence ;  the  smaller  the  surface  in  comparison  to  the  thickness 
the  less  the  resistance,  which  is,  perhaps,  the  consequence  of 
the  bad  conductivity  of  the  epidermis  in  comparison  with 
the  other  animal  tissues.  Lenz  found  that  the  separate 
fingers  of  young  persons  offered  a  greater  resistance  to  the 
electric  current  than  those  of  adults ;  that,  further,  the  re- 
sistance of  the  separate  fingers  is  comparatively  greater  than 
the  fingers  of  the  whole  hand  when  closed.  For  many  other 
phenomena — as,  for  instance,  the  one  observed  by  Weber, 
that  the  tongue,  when  the  two  borders  are  brought  in  con- 
tact with  silver  plates,  offers  as  great  a  resistance  as  the 
whole  human  body  from  one  hand  to  the  other — we  have  as 
yet  no  satisfactory  explanation.  It  may  be  found  in  the 
anatomical  formation  of  the  tongue,  which  consists  *  of 
two  equal  halves,  separated  by  a  mass  of  connective  tissue, 
each  of  which  is  formed  by  bundles  of  muscular  fibres,  that 
cross  in  every  direction,  and  being  enclosed  in  a  thick  cellu- 
lar sheath,  with  numerous  fat-cells.  The  electric  current 
must,  therefore,  in  order  to  pass  from  one  side  of  the 
tongue  to  the  other,  go  through  these  various,  and,  in 
part,  inferior  media,  which  are  here  found  in  greater  num- 
ber within-  the  same  space  than  any  other  part  of  the 
human  body. 

^  Kolliker's  mikroscopische  Anatomie,  2.  Halfte  der  1.  Abtheilung,  Pag,  12. 
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From  the  law  of  Ohm,  the  following  important  practical 
conclusions  between  the  intensity  of  the  current,  the  electro- 
motor power,  and  resistance  may  be  deduced.  If  we  increase 
the  electro-motor  power  by  a  combination  of  elements, 
the  resistance  will  also  be  increased.  If  5  represents  the 
power,  100  the  resistance,  then  the  intensity  of  the  cur- 

5  1 

rent  =  -— -  =  — .     If  a  second  battery  of  equal  power  be 
100        20 

2x2  1 

added,  then  the  intensity  of  the  current  is  - — — -  =  —- ,  the 

2x100        20 

same  figure  to  represent  the  same  intensity  of  current.  If 
the  object  be  to  increase  the  intensity  of  the  current,  it  is 
necessary  to  find  a  combination  in  which  the  resistance  does 
not  increase  in  a  direct  ratio  to  the  number  of  elements. 
The  resistance,  however,  is  the  sum  of  the  two  factors — the 
resistance  of  the  cell,  which  varies  according  to  its  dimen- 
sions, and  the  nature  of  the  active  fiuids  (for  example,  a 
Grove's  battery  has  half  the  resistance  of  a  DanielPs  battery 
of  the  same  size),  and  which  is  called  the  essential  resist- 
ance, because  in  a  given  battery  it  is  invariable,  and  the 
resistance  of  the  terminal  arch,  which  is  variable,  and  is 
called  the  external,  contingent,  or  variable  resistance.  If,  in 
a  given  case,  5  be  the  intensity,  100  the  essential  resistance, 
and  1,000  the  variable  resistance,  then  the  intensity  of  the 

current  will  be  =  ^^^^^^^  =  __=_;   if  a  similar 

battery  be  added,   the  intensity  of   the  current  will  be 

2x5  10  1 

2x100  +  1000  =  1200  =  120=  ^'^^^  '^^  '''"''''''^  ''^  '^' 
current  is  notably  increased. 

"Where,  therefore,  there  is  a  great  external  or  con- 
tingent resistance,  for  example,  in  electrizing  a  part  of 
the  human  body,  or  in  the  chemical  decomposition  of 
a  fluid,  it  is  well  to  use  a  battery  composed  of  several 
elements,  in  order  to  overcome  the  resistance  which  the 
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animal  tissue  or  the  fluid  offers  to  the  electric  current. 
If  the  object  be,  to  bring  a  short  wire  to  a  glowing  heat,  it 
will  be  advisable  to  increase  the  quantity  of  the  current  by 
enlarging  the  transverse  section  of  the  elements ;  while  the 
very  considerable  resistance  of  the  elements  opposed  to  the 
short  wire  will,  as  we  have  seen,  be  lessened ;  the  current- 
power,  therefore,  will  be  increased.  Thus  we  come  to  the 
conclusion  that,  in  order  to  obtain  the  maximum  current- 
power  with  a  given  electro-motor  surface,  the  surface  must 
be  so  distributed  that  the  resistance  of  the  battery  will  be  as 
nearly  as  possible  equal  to  that  of  the  terminal  arch.  On 
account  of  the  inconvenience,  however,  of  handling  very 
large  cells,  a  number  of  small  elements  may  be  imited  to 
make  one  large  transverse  section,  so  that  all  their  positive 
and  all  their  negative  poles  are  united,  forming  a  com- 
bination, in  contradistinction  to  a  connection,  when  the 
positive  pole  of  the  first  is  connected  with  the  negative 
pole  of  the  second,  and  so  on,  forming  what  is  called  a 
compound  battery. 

One  more  point  remains  to  be  explained — ^the  density  of 
the  current,  and  its  relation  to  the  current-power.  We  have 
already  found  that  the  current-power  in  every  transverse 
section  of  the  circuit  must  be  the  same,  as  it  depends  upon 
the  collective  resistance.  Now,  if  we  fix  our  attention  upon 
a  part  of  the  circuit,  and  reduce  the  transverse  section  and 
longitudinal  section  one-half,  the  resistance  of  the  circuit 
and  the  current-power  will  remain  unchanged.  The  quan- 
tity of  electricity  that  in  a  given  time  passes  through  the 
reduced  transverse  section  will  consequently  be  the  same, 
but  crowded  together  on  a  transverse  section  of  half  the 
size;  the  current-density  is  consequently  doubled.  The 
smaller,  therefore,  the  transverse  section,  the  denser  will  be 
a  given  current  of  the  electricity  passing  through  it ;  or,  the 
density  is  in  direct  proportion  to  the  current-power,  and  in 
indirect  proportion  to  the  transverse  section.  Let  D  repre- 
sent the  density,  T  the  transverse  section,  P  the  current- 
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power,  and  we  have,  to  represent  the  relation,  the  formula, 

P 
D  =  — .     The  density  of  the  current  is  for  the  physio- 
logical action  of  the  current  of  the  greatest  importance,  the 
action  being  more  powerful  the  smaller  the  transverse  sec- 
tion through  which  a  given  quantity  of  electricity  passes. 

We  will  now  turn  to  the  chemical  action  of  galvanism. 
We  have  already  seen  that  water  is  resolved  into  its  ele- 
ments, oxygen  and  hydrogen,  by  the  galvanic  current,  and 
that  the  oxygen  is  deposited  at  the  positive,  the  hydrogen  at 
the  negative,  pole.  The  oxides  are  so  decomposed  by  the 
current,  that  the  oxygen  is  deposited  at  the  positive,  the 
base  at  the  negative,  pole  ;  and,  finally,  the  salts  are  so  de- 
composed, that  the  acids  go  to  the  positive,  and  the  bases  to 
the  negative,  pole.  In  the  decomposition  of  chlorides, 
bromides,  and  iodides,  the  metals  go  to  the  negative,  the 
metalloids  to  the  positive,  pole.  Faraday  has  called  atten- 
tion to  the  fact  that  we  must  distinguish  the  direct  and  in- 
direct decompositions  effected  by  the  acids.  The  most 
simple  example  of  direct  decomposition  is  that  of  water. 
If,  on  the  contrary,  dilute  nitric  acid  be  subjected  to  the 
action  of  the  current,  the  water  will  be  decomposed ;  but 
the  hydrogen,  which  will  be  deposited  at  the  negative  pole, 
immediately  decomposes  the  nitric  acid,  while,  on  the  other 
hand,  water  and  nitrous  acid  will  be  generated.  Thus,  at 
the  positive  pole,  oxygen,  at  the  negative,  nitrous  acid,  will 
be  set  free.  These  changes  are,  however,  not  effected  di- 
rectly by  the  decomposing  power  of  the  acid,  but  by  inter- 
mediate action  of  the  decomposed  water.  The  action  is, 
therefore,  secondary.  In  a  similar  manner,  if  a  galvanic 
current  be  conducted  through  the  white  of  an  egg,  serum, 
or  blood,  the  salts  of  these  fluids  will  be  decomposed,  the 
acids  going  to  the  positive  pole,  where  they  cause  the  albu- 
men to  coagulate.  In  bodies  that  consist  of  two  elements, 
the  proportions  of  the  combination  have  a  marked  influence 
on    their,  susceptibility  to   decomposition.      Faraday  has 
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shown  that  among  the  dual  combinations  only  those  are 
electrolytes — ^that  is,  are  decomposed  directly  by  the  current 
— ^that  are  composed  of  one  equivalent  of  one  element,  and 
one  of  the  other.  This  is  the  reason  why  sulphuric  acid, 
composed  of  1  eq.  of  sulphur  and  3  eq.  of  oxygen,  or  nitric 
acid,  composed  of  1  eq.  of  nitrogen  and  5  eq.  of  oxygen,  or 
ammonia,  composed  of  1  eq.  of  nitrogen  and  3  eq.  of  hydro- 
gen, cannot  be  decomposed  directly  by  the  galvanic  current. 
It  is  probable  that  no  galvanic  current  can  pass  through  a 
fluid  without  the  passage  being  accompanied  by  a  chemical 
decomposition  ;  and,  on  the  other  hand,  all  those  fluids  that 
are  not  decomposed  by  the  galvanic  current — as  ether,  alco- 
hol, etc. — seem  to  be  bad  conductors.  Distilled  and  per- 
fectly pure  water,  which  is  a  tolerably  bad  conductor  of 
electricity,  is  also  only  slowly  decomposed.  The  addition 
of  a  drop  of  acid  or  a  little  salt  is  sufficient  to  induce  a  vis- 
ible increase  of  conductivity,  as  well  as  an  active  formation 
of  gas. 

Thus  the  galvanic  current  possesses  the  power  to 
decompose  chemical  combinations;  it  also,  however,  can 
cause  them  to  be  formed.  All  metals,  gold  and  plati- 
na  excepted,  oxidize  in  pure  water,  and  when  the  air 
is  excluded.  The  influence  that  the  galvanic  current 
in  this  manner  exerts  on  the  chemical  affinities  induced 
Davy  to  make  various  experiments.  After  holding  his 
finger  for  a  length  of  time  in  distilled  water,  he  placed  it 
in  contact  with  the  positive  pole  of  a  Yoltaic  pile;  phos- 
phoric, sulphuric,  and  muriatic  acid  immediately  escaped 
from  his  body  to  the  water.  If  he  placed  his  finger  in  con- 
tact with  the  negative  pole,  alkalies  were  parted  with.  The 
possibility  of  freeing  acid  and  alkaline  compounds  from 
their  combinations  in  the  living  body  suggested  to  Becquerel, 
Davy,  and  Fabre-Palaprat  the  idea  of  using  the  galvanic 
current  in  the  endermic  application  of  certain  substances 
possessing  reactive  power.  Fabre-Palaprat  made  the  follow- 
ing experiment :   After  drying  both  arms  of  a  woman  very 
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thorouglily,  lie  bound  around  one  of  them  a  compress  satu- 
rated with  iodide  of  potassium,  covered  it  with  a  plate  of 
platina,  and  brought  it  in  contact  with  the  positive  pole  of 
a  pile  consisting  of  thirty  pairs ;  the  other  arm  he  moistened 
with  a  solution  of  starch,  covered  it  likewise  with  a  platina 
plate,  and  brought  it  in  contact  with  the  negative  pole.  In 
a  few  minutes,  the  starch  assumed  a  bluish  color,  and  thus 
the  iodine — as  the  perfectly  dry  skin  did  not  admit  of  the 
passage  of  the  current — passed  through  the  body  to  the  neg- 
ative pole.  Davy '  published  the  following  experiment,  made 
with  a  pile  consisting  of  one  hundred  and  fifty  pairs.  He  took 
three  vessels,  one  of  which  he  filled  with  a  solution  of  sulphate 
of  potash,  and  placed  it  in  connection  with  the  negative 
pole ;  the  second  vessel  he  filled  with  pure  water,  and  placed 
it  in  connection  with  the  positive  pole ;  the  third  he  filled 
with  a  weak  solution  of  ammonia,  and  so  introduced  it  as  a 
member  of  the  circuit,  that  the  sulphuric  acid  could  reach 
the  positive  pole  only  by  passing  through  the  solution  of 
ammonia.  The  three  glasses  were  connected  by  means  of 
pieces  of  asbestos.  In  less  than  ^ve  minutes,  by  means  of 
litmus-paper,  the  acid  was  recognized  at  the  positive  pole, 
and  in  half  an  hour  the  experiment  was  finished.  In  a 
similar  manner,  Orioli  succeeded  in  translating  corrosive 
sublimate ;  Golding  Bird,  common  salt,  etc. 

Physiological  Action. — If  we  bring  one  pole  of  a  Vol- 
taic pile  in  contact  with  one  hand,  or,  rather,  with  a  moistened 
hand,  as  the  epidermis  is  a  bad  conductor,  we  feel  at  the 
moment  in  which  we  complete  the  connection,  by  bringing 
the  other  moistened  hand  into  contact  with  the  other  pole, 
a  shock  accompanied  by  a  twitching,  the  so-called  connect- 
ing shock.  The  extent  of  the  twitching  depends  upon  the 
number  of  the  plates — the  intensity  of  the  current.  So  long 
as  the  connection  remains  unbroken,  the  electric  current  cir- 
culates in  the  human  body  without  causing  a  noticeable  sensa- 
tion, or  at  most,-  in  case  the  pile  be  a  very  powerful  one,  a 

*  Some  Chemical  Agencies  of  Electricity. 
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burning,  trembling  sensation  at  the  point  where  the  current 
enters  the  body.  If  we  break  the  connection,  we  experience 
a  second  shock,  the  so-called  disconnecting  shock.  If  we 
leave  one  of  the  fingers  of  one  hand  in  contact  with  one 
pole,  while  we  touch  the  other  pole  with  one  finger  of  the 
other  hand,  withdrawing  it  from  time  to  time,  the  shock  will 
follow  with  proportionable  rapidity.  The  same  effect  is  pro- 
duced with  an  apparatus  intended  to  break  and  reestablish 
in  quick  succession  the  current  that  is  conducted  through 
the  bodv.  Thus  continued  and  intermitting  galvanic  cur- 
rents are  formed.  Nevertheless,  the  continued  current  here 
produced  is  almost  exclusively  used  for  therapeutical  pur- 
poses, because  we  possess  in  induction  another  source  of 
electricity  that  yields  intermitting  currents,  and  through  a 
small,  convenient,  and  easy  -  transportable  apparatus  ad- 
mirably adapted  to  the  wants  of  the  practitioner. 

Thermal  Action. — ^With  regard  to  the  thermal  action, 
which  has  been  so  variously  employed  of  late  in  surgery,  it 
is  due  to  the  fact  that  all  conductors,  irrespective  of  quality, 
are  warmed  by  the  passing  electric  current.  The  greater 
the  quantity  of  the  current,  and  the  greater  the  resistance 
of  the  conductor,  the  greater  the  heat  produced.  Conse- 
quently a  conducting  wire  introduced  into  the  closing  arch 
is  heated  in  proportion  as  it  is  a  bad  and  the  rest  of  the  arch 
is  a  good  conductor.  If  we  have,  therefore,  a  cell  of  great 
electro-motor  power  and  slight  resistance — for  example,  a 
Bunsen's  or  Grove's,  but  not  a  Daniell's,  element  of  large 
outer  surface — it  will  be  sufficient  to  bring  to  a  glowing  heat 
and  even  to  melt  a  platinum  wire,  which,  as  we  have  already 
seen,  belongs  to  the  bad  metallic  conductors ;  and,  indeed, 
the  shorter  and  smaller  the  wire,  the  easier  this  effect  will  be 
produced.  If  the  wire  be  long  and  small  and  its  resistance 
consequently  great,  several  elements  must  be  connected,  the 
one  after  the  other;  while,  with  a  short  thick  wire,  the 
single-cell  combination  is  the  better.  In  each  individual 
case,  therefore,  the  most  efficient  combination  will  depend 
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upon  the  relation  of  the  resistance  between  the  wire  nsed 
and  the  elements. 

in.  INDUCTION  ELECTKicrrr  (faradism), 

Faraday  discovered,  in  the  year  1831,  that  a  galvanic 
current,  at  the  moment  of  closing  and  opening  the  circuit, 
generated  in  neighboring  conductors  other  electric  currents, 
which  he  called  induction-currents.  If  we  wind  a  copper 
wire  covered  with  silk  around  a  wooden  cylinder,  above  or 
beside  this  one  a  second  one,  also  covered  with  silk,  and 
then  connect  the  ends  of  the  first  wire  with  the  poles  of  a 
galvanic  battery,  at  the  moment  the  connection  is  made,  an 
electric  current  will  be  established  in  the  second  wire,  which 
immediately  disappears,  in  order  to  return  at  the  moment 
the  connection  is  broken,  and  then  again  to  disappear. 
These  second  currents  are,  therefore,  of  only  momentary 
duration ;  they  arise  at  each  opening  and  each  closing  of  the 
connection,  and  are  wanting  during  the  time  that  the  circuit 
is  closed.  Duchenne,  and  after  him  the  other  physicians 
who  study  the  application  of  electricity,  called  this  the  in- 
duced or  secondary  current,  in  contradistinction  to  the  in- 
ducing or  primary  current.* 

The  induced  current  is  also  demonstrable  with  the  gal- 
vanometer. The  needle,  at  the  moment  of  the  closing  of  the 
circuit,  diverges  toward  the  primary  opposing  side,  while, 
at  the  opening,  it  diverges  in  t^e  direction  of  the  primary 
direct  current.  During  the  time  that  the  battery  is  closed, 
the  galvanometer  indicates  no  divergence  ;  the  current  does 
not  exist. 

Besides  these  two  currents,  we  observe  in  the  first  wire 
a  third  current,  induced  by  the  several  windings  of  the 

^  We  should  mention  here  that  physicists  call  the  current,  that  we,  in  ac- 
cordance with  Duchenne,  call  the  primary  or  inducing  current,  the  extra  cur- 
rent ;  while  the  one  we  call  the  secondary  currient,  they  call  the  primary 
induction  current ;  the  one  running  between  the  coils  of  the  spirally- wound  wire, 
the  secondary,  etc.  We  have  thought  it  advisable  to  follow  the  nomenclature 
of  Duchenne,  inasmuch  as  we  write  for  physicians. 
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primary  current.  When  these  windings  run  near  one 
another,  their  action  is  inductive,  and  they  produce  what  is 
called  the  extra  current.  That  this  is  really  so,  may  be 
easily  seen  if  we  take  a  simple  galvanic  battery  and  close  it, 
at  first  with  a  short,  and  then,  for  comparison,  with  a  long 
spirally- wound  wire.  In  the  first  case  we  will  observe  a 
very  weak,  in  the  second  a  much  stronger  emission  of 
sparks.  From  the  extra  current — which  was  also  known  to 
Faraday,  but  for  a  thorough  acquaintance  with  which  we 
are,  however,  indebted  to  Dove  ^ — originates  also  an  induced 
current.  It  arises,  as  such,  at  the  opening  and  closing,  and 
takes  at  the  closing  a  direction  opposite  to,  at  the  opening  a 
direction  corresponding  with,  the  primitive  current.  That 
it  nevertheless,  at  the  closing,  has  no  effect  on  a  body  intro- 
duced, that  is  not  so  good  a  conductor,  is  due  to  the  fact  that 
the  current  in  this  case  finds  in  the  battery  itself  a  closed 
metallic  conductor,  and  consequently  leaves  the  secondary 
connecting  body  unaffected.  At  the  opening,  on  the  con- 
trary, the  action  is  decided,  because  here  the  primary  cur- 
rent is  interrupted,  and  consequently  the  extra  current  flows 
through  the  body  that  has  been  introduced  in  its  full  inten- 
sity. A  considerable  increase  of  the  extra  current  will  be 
noticed  if  we  put  into  the  hollow  of  the  wooden  cylinder  a 
piece  of  iron,  or  better,  a  split  iron  cylinder,  or  better  still, 
a  bundle  of  varnished  wire.  (Bachhoffner  and  Sturgeon,  in 
"Annals  of  Electricity,"  vol.  i.,  p.  481.)" 

^  Poggendorf 's  Annalen,  Band  Ivi.,  Pag.  251. 

^  The  cause  of  these  phenomena,  it  was  formerly  thought,  lay  in  the  fact 
that  the  metal  of  which  wire  is  made  is  softer  than  a  piece  of  ordinary  iron, 
and  consequently  susceptible  of  greater  magnetism.  Magnus  ("  Poggendorf 's 
Annalen,"  vol.  xlviii.,  p.  95)  corrected  this  error.  He  showed,  by  the  deviation 
of  the  magnetic  needle,  that  the  bundle  of  wire  was  not  more  strongly  mag- 
netized than  the  piece  of  iron  by  the  current.  He  found,  moreover,  that  the 
physiological  action  of  a  bundle  of  wire  was  stronger,  and  was  still  further 
strengthened  by  covering  some  pieces  of  the  wire  with  varnish.  Magnus's  ex- 
planation was  the  following  :  The  current  surrounding  the  iron  generates  in  the 
iron,  at  the  moment  it  arises,  a  counter  electric  current ;  during  its  continuance 
the  iron  is  maintained  in  a  state  of  magnetic  polarization ;  when  it  stops,  a  current 
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Here  the  galvanic  current  renders  the  soft  iron  at  first 
magnetic,  and  thereby  enables  it  in  turn  to  induce  electric 
currents  in  the  spiral  wire.  The  intensity  of  the  current  de- 
pends, on  the  one  hand,  upon  the  power  of  the  battery,  upon 
the  other  on  the  length  of  the  inductive  spiral,  the  thickness 
of  the  wire  used,  and  the  size  of  the  bundle  of  wire.  The 
wire  for  the  inducing  current  is  generally  shorter  and  larger, 
that  for  the  induced  current  longer  and  smaller.  The  reason 
will  be  given  in  the  fifth  chapter,  where  we  shall  go  more 
into  detail  with  regard  to  the  difference  in  the  action  of  the 
two  currents.  "We  will  now  simply  observe  that  the  extra 
current  induces  currents  and  causes  shocks  only  when  the 
circuit  is  opened,  while  the  secondary  current  does  so  both 
when  the  circuit  is  opened  and  closed. 

We  call  a  galvanic  battery  consisting  of  one  or  two  hel- 
ices a  volta-electric  or  galvano-electric  apparatus.  As  the 
induced  current  produced  by  such  a  battery  is  of  only  short 
duration,  steps  must  be  taken  in  order  to  secure  continued 
generation  for  medical  purposes,  to  frequently  interrupt  the 
primary  current.  This  can  be  effected  either  mechanically,  by 
introducing,  according  to  the  directions  of  Sprenger  and  Al- 
dini,  a  toothed  wheel,  the  teeth  of  which,  as  the  wheel  is  turn- 
ed, continually  open  or  close  the  circuit,  as  in  Giiterbrock's, 
Ranch's  apparatus,  etc.,  or,  much  better,  by  the  so-called 
ISTeefe's  hammer,  originally  constructed  by  J.  P.  Wagner,  in 
Frankfort,  a  clever  contrivance,  that  secures  the  opening  and 
closing  by  using  the  temporary  magnetism  of  the  bundle  of 

corresponding  in  direction  with  the  primary  current  is  produced.  This  current, 
however,  retards  the  disappearance  of  the  magnetism,  and  thereby  weakens 
the  action  to  be  anticipated  from  the  sudden  discontinuance  of  the  magnetism. 
What,  therefore,  operates  to  lessen  the  power  of  this  current  in  the  iron,  in- 
creases the  action  of  the  extra  current.  But  the  action  of  this  current  will 
evidently  not  be  so  powerful  on  separate,  and  especially  isolated  wires,  as  on 
a  solid  piece  of  iron.  Consequently,  in  a  current  induced  by  a  bundle  of  wire, 
a  given  quantity  of  electricity  will  be  more  quickly  compensated,  and  thereby 
more  energetic  in  its  action,  than  in  a  current  induced  by  a  piece  of  iron  of  the 
same  dimensions.    A  similar  result  will  be  obtained  with  a  split  cylinder. 
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wire  within  the  helix.  This  little  hammer,  of  soft  iron,  was 
formerly  attached  to  a  steel  spring,  so  that,  by  drawing  it 
back  and  letting  it  strike,  the  battery  could  be  opened  and 
closed  in  continued  succession.  To  these  self-acting  volta- 
electric  batteries  belong  those  of  ^eef,  Wagner,  Klopfer, 
Eomershausen,  Hassenstein,  Danwerth,  Duchenne,  Du  Bois- 
Reymond,  Ruhmkorff,  Erdmann,  and  others.  The  more 
important  ones  will  be  discussed  in  Fifth  Section. 

Faraday  found,  further,  that,  by  simply  placing  a  magnet 
and  a  closed  conductor  in  close  proximity,  a  stronger  current, 
running  counter  to  the  current  of  the  magnet,  was  induced  in 
the  conductor,  and  that,  by  removing  the  magnet  to  a  dis- 
tance, a  weaker  current  was  induced  in  the  conductor,  corres- 
ponding in  direction  with  the  current  of  the  magnet.  The 
continued  renewal  of  the  induced  current,  for  medical  pur- 
poses, is  generally  secured  in  the  batteries  constructed  on  this 
principle  by  winding  the  ends  of  an  iron,  bent  in  the  form  of 
a  horse-shoe  (or  two  short  bar.s  of  iron  that  rest  at  right  angles 
on  an  iron  plate),  with  a  copper  wire  in  such  manner  that 
the  spirals  run  in  opposite  directions,  and  then  setting 
these  two  pieces  of  iron  with  their  spirals  in  motion,  by 
means  of  a  crank,  and  letting  them  turn  in  a  circle  before 
the  poles  of  a  horse-shoe  magnet,  lying  in  a  horizontal  posi- 
tion. The  action  of  the  steel  magnet  on  the  spiral  is  here 
not  direct,  but  is  induced  by  the  magnetism  of  the  soft  iron, 
that  appears  and  disappears  with  each  half  revolution.  This 
magnetism  in  its  turn  generates  a  current  in  the  helices. 
This  takes  place  independently  of  the  fact  that  the  iron  is 
most  powerfully  magnetized  when  the  helices  stand  Opposite 
the  poles  of  the  magnet,  and  are  always  at  the  moment  when 
the  rollers  move  away  from  the  two  poles  of  the  magnet, 
before  which  they  stood,  toward  the  opposite  side,  because 
the  inductive  action  is  produced  only  at  the  moment  of  the 
appearance  and  disappearance  of  the  current,  and  not  by  the 
magnetism  already  generated.  Saxton  was  the  first  to  ex- 
plain the  phenomena  of  the  extra  current  of  the  so-called 
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magneto-electric  apparatus,  and  consequently  tlie  physicists 
named  the  apparatus  the  Saxton  battery,  which,  however, 
was  subsequently  changed  for  the  meaningless  name  of  rotary 
apparatus.  It  should  be  stated  that  the  intensity  of  its  cur- 
rent increases  with  the  power  of  the  magnet,  the  length  of 
the  inductive  spiral,  the  proximity  of  the  soft  iron,  the 
rapidity  of  the  revolutions,  etc.  To  this  class  of  machines 
belong  those  of  Pixii,  Saxton,  Keil,  Ettinghausen,  Stohrer, 
the  Breton  brothers,  Dugardin,  Duchenne,  Palmeret,  and 
Hall,  etc.     (See  Chapter  Y.) 

Chemical  and  Thermal  Action. — The  chemical  action 
of  induction  electricity  enables  us,  by  means  of  the  induced 
current,  to  decompose  water,  and  a  solution  of  the  iodide  of 
potassium,  and  to  effect  otlier  electrolytic  processes ;  also, 
to  bring  to  a  glowing  heat  a  short,  thin  platina  wire.  But 
all  these  phenomena  are  more  slowly  and  less  perfectly 
accomplished  than  with  the  continued  galvanic  current. 

Duchenne  called  induction  electricity  Faradism,  after  its 
discoverer,  Faraday;  its  action  he  called  Faradic,  and  its 
application  Faradization,  a  terminology  wliich  has  its  justi- 
fication in  the  nomenclature  of  contact  electricity  and  its 
foundation  in  the  difference  of  the  action  of  contact  and 
induction  electricity. 
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THIRD    SECTION. 

OF  THE  ELECTRO-MOTOR  PROPERTIES  OF  THE  ANIMAL  BODY. 

E.  Du  Bois-Reymond,  Untersuchungen  iiber  thierische  Electricitat,  vol.  i.  and 
ii.,  1848,  1849.  G.  Ludwig,  Lehrbuch  der  Physiologie  des  Mens chen,  vol.  i., 
1852,  pp.  316,  et  seq.  C.  Eckhard,  Grundzuge  der  Physiologie  des  Nerven- 
systems,  1854,  pp.  40,  et  seq.  A.  Fick,  die  medicinische  Physik,  1856,  pp. 
411,  eiseq.  [Morgan,  Electro-Physiology  and  Therapeutics,  etc.,  New  York, 
1868.] 

In  order  to  have  a  clear  understanding  of  the  changes 
produced  by  the  action  of  the  electric  current  on  the  various 
animal  tissues,  we  shall,  in  this  chapter,  speak  of  the  in- 
herent currents  that  are  present  in  the  animal  body,  as  well 
as  of  the  changes  the  tissues  undergo  in  their  molecular 
arrangement,  during  the  production  and  action  of  the  elec- 
tric current. 

IS'obili,  in  1827,  discovered  an  electric  current  in  the  frog, 
the  so-called  frog-current,  which  he — starting  on  the  supposi- 
tion that  nerves,  on  account  of  their  small  mass  when  com- 
pared with  the  muscles,  cool  more  rapidly  through  evapora- 
tion— mistook  for  a  thermo-electric  current.  Subsequently 
Matteucci  corrected  this  mistake,  as  well  as  the  error  that 
the  current  is  of  electro-chemical  origin,  and  proved  that  the 
connection  of  the  two  points  in  the  long  axis  of  the  frOg,  of 
which,  however,  only  one  must  be  on  the  trunk  of  the  ani- 
mal, shows  the  presence  of  an  inherent  electric  current  flow- 
ing in  the  same  direction.  E.  Du  Bois-Reymond,  however, 
was  the  first  to  succeed  in  demonstrating  the  presence  of 
specific  muscle  and  nerve  currents,  by  the  deflection  of  the 
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magnetic  needle,  aided  by  a  very  powerful  multiplier,  to 
comprehend  the  laws  of  the  muscle  and  nerve  currents,  the 
changes  they  both  undergo  through  muscular  or  nervous 
action,  and  to  regard  the  frog-current  as  being  the  result  of 
all  the  several  electric  currents  present  in  the  nerves,  mus- 
cles, and  other  tissues. 

To  this  end  he  distinguished  on  a  long,  fresh  piece  of 
nerve  (sciatic)  or  muscle  (gastrocnemius)  of  a  live  frog  :  1, 
the  outer  surface — the  longitudinal  section;  2,  the  trans- 
verse section ;  3,  a  line  passing  around  the  tissue  midway  be- 
tween the  apices — the  equator.  He  found  that,  if,  when  the 
muscle  was  in  a  state  of  rest,  relaxed,  and  the  nerve  in  a 
condition  of  inaction,  two  points,  lying  symmetrically  to  the 
equator  or  the  longitudinal  axis,  were  placed  in  connection 
with  the  galvano-multiplier,  no  deviation  of  the  muscle 
followed.  On  the  contrary,  if  the  two  points  lay  unsymme- 
trically  to  the  equator  or  the  long  axis,  a  deflection  of  the 
needle  took  place,  which  was  all  the  more  considerable,  the 
nearer  the  one  and  the  farther  the  other  point  in  the  longi- 
tudinal section  was  from  the  equator  and  in  the  transverse 
section  from  the  long  axis.  The  deflection  is  largely  in- 
creased when  the  one  point  lies  on  the  longitudinal  section, 
and  the  other  on  the  transverse  section. 


Fig.  1. 
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1.  Longitudinal  section. 

2.  Transverse  section. 

3.  Long  axis. 

4.  Equator. 

5.  Points  of  no  deviation. 

6.  e'.  Points  of  slight  deviation. 

7.  Points  of  strong  deviation. 


The  direction  of  the  current  is  always  from  the  longitu- 
dinal section  to  the  transverse  section,  and  in  such  manner 
that  the  points  of  the  surface  lying  near  the  equator  are 
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positive  in  relation  to  those  near  the  ends,  while  these  latter 
are  positive  in  relation  to  the  transverse  section. 

It  further  appeared  that  every  artificial  transve^'se  section 
of  the  brain  or  spinal  marrow  is  negative  in  relation  to  the 
natural  surface  of  the  axis  of  the  brain  or  spinal  marrow.  On 
the  contrary,  there  appears  to  be  no  electro-motor  difference 
between  the  nerves  of  motion  and  sensibility,  or  between  the 
gray  and  white  brain-substance. 

Du  Bois-Reymond  likewise  ascertained  that  if  the  nerve 
or  muscle  be  excited  by  electric  currents  or  by  mechanical 
or  chemical  irritants,  so  that  the  first  is  rendered  physiolo- 
gically active,  and  the  latter  caused  to  contract,  and  then 
placed  at  two  symmetrical  points  in  connection  with  the 
.  galvano-multiplier,  a  less  deflection  of  the  needle  is  produced 
than  when  the  nerve  or  muscle  is  in  a  quiescent  state.  This 
he  called  the  negative  variation  of  the  current.  He  found, 
also,  that  the  needle  remained  in  this  new  position  only  so 
long  as  the  nerve  or  muscle  was  kept  in  the  state  of  excita- 
tion, and  that  when  the  excitation  ceased  the  quiescent 
nerve-current  reappeared.  This  is  the  uniform  action  of  the 
nerves  and  muscles  on  the  magnetic  needle.  The  piece  of 
nerve  or  muscle  may  be  thin  or  thick,  short  or  long ;  the  in- 
tensity of  the  current,  as  indicated  by  the  deviation  of  the 
needle,  increasing  with  an  addition  to  the  length  or  to  the 
size  of  the  transverse  section. 

From  these  facts  Du  Bois-Reymond  concluded  that  nerve 
and  muscle  contain  innumerable  positive  and  negative  elec- 
tric molecules,  which  move  with  great  regularity  through 
the  tissue.  The  variation  of  the  negative  current  seems  to 
be  due  to  the  fact  that  during  excitation  the  electric  mole- 
cules of  the  nerves  and  muscles  are  kept  in  motion,  and  the 
intensity  and  direction  of  the  electric  current  consequently 
subjected  to  continual  variation.  The  needle,  however,  being 
too  slow  in  its  movements  to  follow,  takes  a  middle  position. 

In  regard  to  the  grouping  of  the  nerve  and  muscle  mole- 
cules, if  we  admit  that  nerve-tissue  consists  of  an  undefined 
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mass  of  peripolar  molecules,  everywhere  enclosed  by  a  moist 
layer,  and  tliat  collectively  these  molecules  are  composed  of 
one  positive  equatorial  and  two  negative  polar  zones,  of 
which  the  last  connecting  axes  collectively  run  parallel  with 
the  long  axis  of  the  nerve,  then  the  peculiarities  of  the 
nerve  and  muscle  currents  are  explained.  In  this  case  we 
will  imao^ine  to  ourselves  an  illustration  similar  to  the  one 
we  imagined  to  explain  the  phenomena  of  magnetism.  Sup- 
pose the  magnet  to  be  composed  of  molecules,  each  one  of 
which  produces  precisely  the  same  phenomena  as  the  mag- 
net itself;  so  here  the  nerve  is  composed  of  molecules,  each 
one  of  which  produces  the  same  currents  as  those  produced 
by  the  nerve  of  which  it  is  a  conappnent  part.  We  are, 
however,  justified  in  this  supposition,  because  we  always  see 
— as  Du  Bois-Reymond  has  demonstrated — even  in  the  sev- 
eral small  nerves  in  which  we  are  able  to  expose  a  piece  of 
sufficient  size  for  observation,  the  currents  reappear  subject 
to  the  same  laws.  This  arrangement  also  explains  to  us 
why  the  needle  remains  in  repose  when  two  points,  equi- 
distant from  the  equator  and  long  axis,  are  placed  in  con- 
nection. In  this  case,  as  well  as  in  all  cases  of  a  battery 
closed  with  an  arch  of  like  structure  in  all  its  parts,  what 
we  said  in  speaking  of  the  Yoltaic  pile  holds  true — ^namely, 
that  in  the  middle  there  is  a  neutral  point,  proceeding  from 
which  on  either  side  the  tension  increases.  It  explains 
further  that,  when  we  connect  two  points,  unsymmetrical  in 
position  to  the  equator  or  the  long  axis,  that  is,  two  points 
of  unequal  tension,  the  needle  is  deflected  in  proportion  to 
the  degree  of  tension ;  and,  finally,  it  explains  the  direction 
of  the  currents,  since  points  of  less  electric  tension  are  to  be 
considered  as  positive  when  opposed  to  those  of  stronger 
electric  tension. 

The  action  of  electricity  on  the  non-striated  so-called  or- 
ganic muscles  of  the  stomach,  intestines,  ovaries,  urethra, 
etc.,  is  analogous,  according  to  Du  Bois-Reymond's  experi- 
ments, to  the  action  on  the  striated  muscles.     The  only  dif- 
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ference  which  seems  to  exist  between  the  two  forms  is,  that 
the  current  of  the  non-striated  muscles  causes  a  far  less  deflec- 
tion of  the  needle  than  that  of  the  striated  muscles.  The 
lungs,  liver,  kidneys,  spleen,  testicles,  skin,  elastic  tissues, 
etc.,  also  possess  electric  currents  that  are  demonstrable  by 
the  aid  of  the  galvanometer.  These  currents,  however,  are 
not  governed  by  the  same  laws  that  govern  the  muscle  and 
nerve  currents.  The  sinews,  fasciae,  sheaths  of  the  muscular 
fibres,  etc.,  are  electrically  inactive,  and  only  conduct  the 
currents  of  the  various  tissues. 

On  account  of  their  importance,  we  must  call  especial 
attention  to  two  conclusions  resulting  from  the  theory  just 
adduced : 

1.  Since,  according  to  this  theory,  every  nerve-molecule 
produces  electric  currents  which  are  enclosed  by  the  moist 
membrane  that  surrounds  them  and  by  the  entire  substance 
of  the  nerve,  we  must  always  imagine  the  nerve  in  the  con- 
dition of  a  closed  battery. 

2.  We  must  not  conclude  solely  from  a  slight  deviation 
of  the  needle — which  the  galvanometer  usually  shows,  de- 
spite the  powerful  multiplicator,  when  we  test  the  intensity 
of  the  muscle  or  nerve  current — that  the  muscle  or  nerve 
current  is  weak,  for  every  current,  in  whatever  manner 
taken  from  an  animal,  must  be  sustained  as  a  secon- 
dary connection,  and  considered  as  a  derivative  current. 
Thus  the  current  indicated  by  the  galvanometer  shows  but 
a  small  fraction  of  the  currents  that  exist,  not  only  in  the 
muscle  generally,  but  even  of  those  currents  which  pass  be- 
tween the  points  connected  by  the  wires  of  the  multiplicator. 

Du  Bois-Heymond  has  also  shown  that  the  phenomena 
of  the  negative-current  oscillation  exist  in  the  human  body, 
and  that  the  multiplicator  indicates  a  weaker  current  in  a 
muscle  when  voluntarily  contracted  than  when  it  is  in  re- 
pose.    Joh.  Muller  *  describes  this  experiment  in  the  folio w- 

'  Bericht  iiber  die  neuesten  Fortschritte  der  Physik,  Band  i.,  Pag.  843. 
Braunschweig,  1849-1852. 
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ing  manner :  "  The  copper  handle  of  an  induction-apparatus 
was  attached  to  the  ends  of  the  two  wires  of  a  multiplicator 
of  37,000  coils.  So  soon  as  we  took  hold  of  them  with  our 
moist  hands,  the  needle  of  the  multiplicator  left  the  point 
of  equilibrium,  made  a  few  oscillations,  and  then  became 
quiet  again,  although  perhaps  not  exactly  in  its  original 
position.  If,  now,  we  contracted  the  muscles  of  one  arm 
and  one  hand,  while  we  grasped  the  handle  firmly,  the 
needle  immediately  turned  from  10  to  20  degrees  toward 
one  side.  Now,  if,  at  the  moment  the  needle  began  to  move 
in  the  opposite  direction,  we  relaxed  the  muscles  of  one  arm 
and  contracted  those  of  the  other,  we  saw  the  needle  go 
still  farther  in  the  contrary  direction.  If  we  changed  in 
this  wise  the  contraction  of  the  muscles  of  the  arms  at  the 
proper  moments,  the  oscillations  ranged  from  40  to  45  de- 
grees on  each  side."  The  needle,  then,  remains  in  repose 
so  long  as  the  circuit  continues  closed  by  the  relaxed  muscles 
of  both  arms ;  the  deviation  which  takes  place  at  the  mo- 
ment of  the  connection  is  probably  the  consequence  of  the 
electric  dissimilarity  arising  from  the  unequal  muscular  ten- 
sion of  the  arms,  as  well  as  of  momentary  difference  of  time 
in  the  touch  of  the  hands.  If,  for  example,  we  contract  the 
muscles  of  the  right  arm,  the  current  passes,  in  consequence 
of  the  lessened  electro-motor  activity  in  this  arm,  from  the 
left  arm  through  the  multiplicator  to  the  right  arm,  causing 
the  needle  to  deviate  in  unison  with  this  direction.  If  we 
then  relax  the  muscles  of  the  right  arm,  and  contract  those 
of  the  left,  at  the  moment  when  the  needle  begins  to  return, 
the  current  will  pass  from  the  right  arm  through  the  mul- 
tiplicator to  the  left,  causing  the  needle  to  make  another 
stroke  in  the  opposite  direction,  that  is,  in  the  direction  of 
the  current;  but  this  time  the  deviation  will  be  greater, 
because  the  difference  in  tension  between  the  contracted 
muscles  of  the  left  and  right  arm  is  greater  than  between 
the  contraction  of  the  right  side  and  the  relaxation  of  the 
left. 
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We  come  now  to  the  electrical  phenomena  exhibited 
by  a  nerve  when  it  is  brought,  at  any  point  in  its  course, 
mto  the  circuit  of  a  constant  battery — a  condition  to  which 
Du  Bois-Reymond  has  given  the  name  of  Electrotomis. 
This  observer^  found  that,  when  we  galvanize  a  piece 
of  nerve  by  means  of  a  current  of  uniform  power,  the 
original  inherent  nerve-current  undergoes  a  change,  and, 
indeed,  is  increased  in  power,  when  the  artificial  current  has 
the  same  direction  as  the  inherent  current ;  on  the  contrary, 
the  inherent  current  is  weakened,  or  entirely  overcome, 
when  the  artificial  current  flows  in  the  contrary  direction. 
These  manifestations  of  the  electro-tonic  condition  are  desig- 
nated in  nerve  physics  by  the  following  expressions :  The 
piece  of  nerve  between  the  poles  of  the  battery  is  called  the 
irritated^  the  piece  in  the  circuit  of  the-  multiplicator  is 
called  the  derivative.  If  the'  nerve-current  is  increased,  it 
is  said  to  be  in  the  positive  phase  /  if  it  is  decreased,  it  is 
said  to  be  in  the  negative  phase.  The  increase  takes  place 
when  the  positive  electrode  (the  anode)  is  nearest  the  trans- 
verse section,  the  decrease  when  the  negative  electrode  (the 
cathode)  is  nearest.  Since  the  nerve  has  a  transverse  section 
on  both  sides  of  the  constant  stream,  the  two  conditions  ap- 
l^ear  simultaneously  on  each  nerve.  On  the  side  of  the  posi- 
tive electrode  the  nerve-current  through  the  electrotonus  is 
increased  (positive  phase  of  the  electrotonus,  or  anelec- 
trotonus) ;  on  the  side  of  the  negative  electrode  the  current 
is  weakened  (negative  phase  of  the  electrotonus,  or  catelec- 
trotonus).  The  electrotonic  condition  appears  simulta- 
neously with  the  closing  of  the  generating  battery,  con- 
tinues so  long  as  the  battery  remains  closed,  and  disappears 
simultaneously  with  the  opening.  The  degree  of  the  elec- 
trotonic increase,  as  well  as  of  the  deflection  of  the  needle 
caused  by  the  increase,  depends  on  a  variety  of  circum- 
stances. It  increases,  not  only  with  the  length  of  the  gal- 
vanized piece  of  nerve,  but  also  with  its  proximity  to  the 

1  L.  c,  vol.  ii.,  pp.  289-389. 


i 


42  ELECTEOTONUS. 

piece  of  nerve  introduced  into  the  circuit  of  the  miiltiplica- 
tor ;  it  is  disproportionably  greater  when  the  exciting  current 
flows  longitudinally  than  when  it  crosses  the  nerve  at  a  right 
angle.  The  degree  increases  further  with  the  density  of  the 
exciting  current ;  it,  however,  soon  reaches  its  maximum, 
beyond  which  no  increase  takes  place.  It  reaches  finally, 
under  like  conditions,  in  a  fresh  and  vigorous  nerve,  a  point 
from  which  it  descends  with  the  decrease  of  nervous  vigor, 
disappearing  when  the  physiological  powers  of  the  nerve 
cease.  If  a  portion  of  a  muscle  be  traversed  by  a  constant 
current,  it  will  also  be  placed  in  the  electrotonic  condition. 
The  electrotonus  of  the  muscles  differs,  however,  from  that 
of  the  nerves  in  the  following  particulars :  1.  It  continues 
to  increase  in  strength  after  the  electrotonic  current  has 
ceased.  2.  It  is  confined  to  the  portion  through  which  the 
current  flows,  while  the  electrotonus  of  the  nerve  extends 
with  diminished  strength  beyond  this  limit  on  both  sides. 

The  illustration  we  imagined  to  explain  the  phenomena 
of  the  quiescent  current — the  current  produced  by  a  regular 
series  of  peripolar  molecules  embedded  in  a  moist  layer — 
will  serve  to  illustrate  the  electrotonus  produced  by  the 
dipolar-nerve  molecules  that  are  arranged  in  the  manner  of 
the  Yoltaic  pile.  In  this  case  all  the  nerve-molecules  lying 
between  the  electrodes  would  be  so  arranged,  that  they 
would  turn  their  negative  elements  toward  the  positive  and 
their  positive  elements  toward  the  negative  electrode.  This 
is  easily  imagined  if  we  suppose  each  peripolar  molecule  of 
the  quiescent  current  to  be  composed  of  two  dipolar  mole- 
cules with  their  positive  zones  touching  each  other — such 
molecules  as  they  are  resolved  into  at  the  closing  of  the  bat- 
tery. TRis  illustration  explains  all  the  phenomena  of  the 
electrotonic  condition.  On  the  one  hand,  it  shows  how  op- 
posite phases  are  exhibited  at  the  ends  of  a  nerve  traversed 
by  an  electric  current ;  on  the  other,  it  explains  the  degrees 
of  the  electrotonic  condition  incident  to  the  density  of  the 
current,  the  proximity  to  the  electrodes,  and  finally  to  the 
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angle  at  which  the  electrode  is  brought  into  contact  with  the 
nerve. 

If  an  uninterrupted  electric  current  be  made  to  pass 
through  a  nerve  in  any  part  of  its  course,  whether  in  the 
same  or  in  various  directions,  the  nerve  is  said  to  be  tetanized 
— an  expression  that  is  justified  by  the  fact  that  a  muscle 
connected  with  a  nerve  treated  in  the  manner  just  described 
responds,  not  only  with  one  simple  convulsive  jerk,  but  with 
a  series  of  twitches  which  terminate  in  a  contraction  of  con- 
siderable duration,  so  that  the  muscle  may  be  said  to  be  in  a 
tetanic  state.  If  the  tetanized  currents  flow  in  the  same 
direction,  the  interruptions  succeed  each  other  at  certain  in- 
tervals ;  and,  if  the  intensity  of  the  current  is  inconsiderable, 
the  action  becomes  similar  to  that  of  the  continued  current, 
and  the  phase  of  the  electrotonic  condition  appears.  If  the 
tetanized  currents  flow  in  the  same  direction,  appearing  only 
momentarily,  both  phases  soon  follow  in  their  usual  form ; 
the  positive,  however,  is  generally  weaker.  In  this  case  the 
nerve-current  quickly  decreases,  as  in  the  use  of  Saxton's 
battery.  If,  finally,  the  tetanized  currents  flow  in  various 
directions,  the  interruptions  follow  each  other  in  rapid  suc- 
cession, as  with  the  Yolta  induction-apparatus  with  a  Wag- 
ner hammer  attached.  Thus,  under  all  circumstances,  the 
negative-current  oscillation  is  secured. 

Of  the  action  of  quiescent  electricity  on  the  animal  tis- 
sues on  the  parts  or  the  whole  of  the  animal  body  we  know 
nothing.  Furthermore,  much  as  has  been  said  of  the  effect 
of  the  electric  tension  of  the  atmosphere  on  the  physical 
condition,  etc.,  there  have  thus  far  been  no  experiments 
made  which  furnish  data  to  justify  the  assertion  that  the 
free  constant  tension  long  continued  exerts  a  demonstrable 
influence  on  any  animal  part  whatever. 
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FOURTH    SECTION. 

THE  ACTION  OF  THE  ELECTRIC  CURRENTS  ON  THE  ORGANS  AND 
TISSUES  OF  THE  ANIMAL  BODY. 

A.    The  action  of  the  electric  current  on  the  nerves  cmd 

muscles. 

Ludwig's  Lehrbuch  der  Physiologie,  vol.  i,,  pp.  102,  seq.  E.  Du  Bois-Reymond, 
Untersuchungen  iiber  thierische  Electricitat,  vol.  i.,  pp.  303-409 — 282,  seq.^ 
etc.  Mdmoire  sur  I'emploi  de  l']6lectricit6  ea  M6d.  par  le  Dr.  H.  Valerius. 
Annales  de  la  Soci6t6  de  M6d.  de  Gand,  vol.  xxix.,  pp.  115-154.  A.  Fick,  Die 
Medicinische  Physik,  1856,  pp.  43Y,  seq.  H.  Wundt,  Lehrbuch  der  Physi- 
ologie des  Menschen.  Erlangen,  1865,  pp.  430,  seq.  R.  Heidenhayn,  Physi- 
ologische  Studien,  Berlin,  1856,  Art.  III.,  p.  55.  Uber  Wiederherstellung 
der  erloschenen  Erregbarkeit  durch  constante  galvanische  Strome.  C. 
Eckhardt  in  Henle's  und  Pfeuffer's  Zeitschrift,  1853,  vol.  iii.,  pp.  187,  seq. 
Eckhardt,  Beitrage  zur  Anatomic  und  Physiologie,  Heft  I.  Giessen, 
1855,  Art.  II.  Ueber  den  Einfluss  des  constanten  galvanischen  Stromea 
auf  die  Erregbarkeit  der  motorischen  Nerven.  E.  Pfliiger  in  der  Medicin- 
ischen  Central-Zeitung  vom  15.  Marz  und  16.  Juli,  1856.  Ueber  die  durch 
constante  Strome  erzeugte  Veranderung  der  motorischen  Nerven.  E.  Pflii- 
ger, Ueber  das  Hemmungsnervensystem  fiir  die  peristalischen  Bewegangen 
der  Gedarme,  Berlin,  1857.  R.  Remak,  Galvanotherapie  des  Nerven-  und 
Muskelkrankheiten,  Berlin,  1858.  E.  Pfluges,  Untersuchungen  iiber  die 
Physiologie  des  Electrotonus,  Berlin,  1859.  A.  von  Bezold,  Untersuchun- 
gen iiber  die  electrische  Erregung  der  Nerven  und  Muskeln,  Leipzig,  1861. 
H.  Ziemssen,  die  Electricitat  in  der  Medicin,  III.  Auflage,  1866. 

I.     ACTION   OF   THE   CURRENT   ON   MOTOR   NERVES   AND   MUSCLES. 

If  a  motor  nerve '  be  subjected  to  the  action  of  only  a 
moderately  intense  intermitting  current,  there  will  follow, 
in  all  the  muscles  supplied  by.  this  nerve,  a  series  of  spas- 
modic contractions,  so  that,  if  the  several  closings  and  open- 
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ings  of  the  circuit  follow  one  another  slowly,  clonic  or  inter- 
mitting spasms  ensue,  if  they  follow  one  another  rapidly, 
in  such  manner  that  the  new  contraction  begins  before  the 
preceding  has  ceased,  rigid  or  tonic  spasm  results.  If  this 
condition  has  continued  too  long,  or  if  the  nerve  originally 
possessed  insufficient  irritability,  intermitting  spasms  will 
ensue.  In  the  vigorous  muscle  of  a  frog,  in  the  beginning  at 
least,  tonic  spasms  may  appear,  if  even  there  are  not  more 
than  two  strokes  in  a  second ;  a  less  number  produce  clonic 
spasms  from  the  first. 

The  phenomenon,  that  a  muscle  contracts  only  at  the 
closing  and  opening  of  the  circuit,  or  only  at  the  moment 
when  the  density  of  the  current  increases  from  nought  to  a 
certain  degree,  or  descends  again  from  this  degree,  but  not 
between  these  two  points,  when  the  circuit  remains  closed 
and  the  density  remains  unchanged,  finds  its  explanation  in 
the  fact  that  the  contractions  depend  on  the  changing  of  the 
density  of  the  current  with  the  greatest  possible  rapidity. 
For  this  reason  Du  Bois-Reymond  gave  the  following  as 
the  first  law  of  the  electric-irritation  experiments :  ^  "It 
is  not  the  absolute  grade  of  the  current  density  at  each  mo- 
ment to  which  the  motor  nerve,  by  a  contraction  of  its 
muscle,  responds,  but  to  the  change  that  takes  place  in  the 
grade  of  density  from  one  moment  to  another.  Thus  the 
power  of  producing  the  contractions  that  follow  these 
changes  is  increased  the  more  rapid  the  changes  are  when 
alike  in  degree,  or  the  greater  they  are  in  a  given  length  of 
time." 

If  we  have,  therefore,  a  given  quantity  of  electricity, 
and  conduct  it  in  a  current  of  unvarying  power  through  a 
muscle,  the  current  intensity  remains  the  same  from  the 
closing  of  the  circuit  to  the  opening ;  consequently,  during 
this  time,  no  contractions  take  place.  The  same  quantity, 
conducted  in  an  interrupted  current,  will  produce  tonic  or 
clonic  spasms,  according  as  the  interruptions  follow  one  an- 

1 L.  c,  p.  258. 
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other  more  or  less  rapidly.  It  is,  however,  not  absolutely 
necessary,  in  order  to  produce  the  contractions,  that  the 
current  passing  over  the  nerve  should  be  closed  or  open, 
since  by  this  means  only  the  greatest  oscillations  of  the  cur- 
rent are  produced ;  more  limited  variations  in  the  intensity 
of  the  current  are  sufficient  for  physiological  effects :  for  ex- 
ample, if  we  suddenly  increase  or  decrease  the  intensity  of  the 
current,  or  if  we  suddenly  conduct  away  by  a  closed  circuit 
a  portion  of  the  current  that  passes  over  a  nerve,  or  if  we 
conduct,  as  is  the  case  with  Kemak's  "  labile "  currents, 
with,  the  current  generators  slowly  over  the  surface  of  the 
body ;  in  short,  if  we  in  any  way  change  the  resistance,  or 
if  we,  by  chemical  irritation,  etc.,  modify  the  arrangement 
of  the  nerve  molecules. 

If  a  muscle  be  subjected  to  the  action  of  an  interrupted 
current,  only  that  portion  will  contract — either  exclusively 
or  at  least  much  more  energetically — that  comes  in  direct 
contact  with  the  conductors.  As  a  consequence,  in  order  to 
irritate  a  broad  muscle  by  direct  action  completely  and 
evenly,  we  must,  little  by  little,  bring  the  conductors  into 
contact  with  all  its  fibres.  The  experiments  of  A.  Fick  * 
have  also  demonstrated  that,  if  an  irritant  reaches  a  bundle 
of  muscular  fibres  only  in  a  limited  portion  of  its  length,  it 
contracts  only  in  such  portion  of  its  length — the  irritated 
condition,  consequently,  does  not  extend  over  the  whole 
length  of  the  muscle — and  that  in  like  manner,  by  the  ap- 
plication of  the  multiplicator  to  a  portion  of  the  muscle 
not  contracted,  the  quiescent  current  continues  unchanged, 
while  the  contracted  portion  shows  the  negative-current 
oscillation. 

Duchenne  called  the  susceptibility  of  the  muscles  to  con- 
tract under  the  direct  action  of  the  current  electro-muscular 
contrdctility,  in  contradistinction  to  the  indirect  action,  that 
is,  the  irritation  of  the  nerve,  called  by  Flourens  motricity. 

'  Ueber  theilweise  Reizung  der  Muskelfasern  in  Moleschott's  Untersuchun- 
gen  zur  Naturlehre  des  Menschen,  vol.  ii.,  p.  62,  et  seq. 


ELECTRO-MUSCULAR   SENSIBILITY.  47 

The  phenomena  of  the  muscular  contractions  are  accom- 
panied by  a  peculiar  sensation.  Duchenne  calls  the  power 
to  experience  this  sensation,  electro-muscular  sensibility.  It 
has  not  yet  been  decided  whether  this  sensibility  is  due  to 
the  sensitive  nerve-fibres  which  are  found  in  all  nerves,  even 
the  motor,  or  whether  it, is  due  to  the  sensitive  nerves  of  the 
tissue  surrounding  the  muscle,  as  Remak  ^  is  inclined  to  be- 
lieve, or  finally,  whether  the  muscle-nerves  themselves  pro- 
duce the  sensation,  as  Eckhard  ^  thinks  possible. 

The  relation  of  the  electro-musctilar  contractility  and 
sensibility  varies  in  different  individuals.  Every  muscle,  in 
a  normal  condition,  possesses  a  certain  amount  of  both. 
Sometimes,  however,  there  is  a  slight  difference  between  the 
same  muscles  of  the  two  sides  of  the  body.  In  diseased  con- 
ditions, both,  or  each  separately,  may  more  or  less  completely 
disappear ;  and  thus  they  become  an  important  aid  in  diag- 
nosis.    But  this  we  shall  fully  consider  in  Section  YIII. 

The  gradual  difference  of  the  electro-muscular  contrac- 
tility and  sensibility  between  the  various  muscles  of  the 
same  individual  is  caused  partly  by  anatomical  relations — 
for  example,  in  the  case  of  the  preponderance  of  the  flexors 
of  the  hand  over  the  extensors,  we  require  a  more  powerful 
current  to  produce  a  contraction  of  the  extensor  digt.  com. 
than  a  contraction  of  the  flexor  digt.  com. — ^partly  by  the 
greater  or  less  abundance  of  the  sensitive  fibres  that  are  dis- 
tributed to  the  motor  nerves,  and  come  in  contact  with  the 
conductors ;  and  partly  by  the  difference  of  the  resistance 
offered  by  the  cellular  tissue  covering  the  irritated  muscle ; 
and,  above  all,  by  the  thinner  or  thicker  epidermis.  Thus 
the  muscles  of  the  face  are  generally  very  sensitive,  and 
above  all  the  frontalis,  because  it  lies  immediately  on  the 
bone,  and  consequently,  in  faradizing  it,  the  bone  is  also 
electrized,  and  thus  a  peculiar  pain  in  the  bone  will  be  ex- 
perienced together  with  the  pain  in  the  muscle.     Then  fol- 

^  Ueber  methodische  Electrisirung  gelahmter  Muskeln,  Berlin,  1855,  p.  19. 
2  Grundzuge  der  Physiologie  des  Nervensystems,  Giessen,  1854,  p.  113. 
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low  the  orbicularis  palpebr.,  the  levator  labii  sup.  alseque 
nasi ;  then  the  sphincter  oris,  the  levator  ang.  oris,  the  quad- 
ratus  and  triangularis  menti ;  and  finally,  the  zygomatici, 
the  masseter,  buccinator,  etc.  On  the  neck,  the  platysma 
myoides  possesses  an  unusual  degree  of  electro-muscular  con- 
tractility and  sensibility,  also  the  sterno-cleido-mastoideus ; 
on  the  other  hand,  the  muscles  of  the  back  and  abdomen 
are  but  slightly  sensitive.  The  anterior  muscles  of  the  fore- 
arm possess  far  greater  electro-muscular  contractility  and 
sensibility  than  the  p'osterior  muscles.  The  extensor  digt. 
com.,  extensor  carpi  uln.,  etc.,  possess  a  very  low  grade. 
Finally,  the  tensor  fasciae  latse  and  the  muscles  of  the  inner 
portion  of  the  thigh  are  much  more  susceptible  than  the 
muscles  of  the  outer  and  posterior  portions,  partly  on  ac- 
count of  the  greater  supply  of  sensitive  nerves  in  the  skin 
and  on  account  of  the  large  quantity  of  sensitive  fibres  dis- 
tributed to  the  part  by  the  nervus  obturatorius,  partly  on 
account  of  the  thinner  epidermis,  and  partly  on  account  of 
the  more  superficial  situation — while  the  electric  current,  in 
order  to  reach  the  muscles  of  the  outer  portion  of  the  thigh, 
must  pass  through  a  thick  epidermis,  a  thin  layer,  com- 
paratively poor  in  sensitive  nerve-fibres,  and  a  thick  layer 
of  adipose  and  cellular  tissue. 

The  contractions  that  arise  by  direct  or  indirect  gal- 
vanic action  are  accompanied  by  a  notable  increase  of 
temperature.  Matteucci*  found  that,  by  the  simple  con- 
tractions of  the  muscles  in  the  frog,  after  the  circulation 
had  entirely  ceased,  the  temperature  was  increased  ^°  C. ; 
Ziemssen,  after  a  series  of  careful  experiments,  concludes  that 
the  muscle-contractions  caused  by  faradic  irritation  of  the  mo- 
tor nerves  increase  the  temperature  in  the  contracting  muscles 
and  in  the  skin  of  the  part  according  to  the  grade  and  dura- 
tion of  the  action.  He  was  able,  in  a  seance  of  nineteen 
minutes  (see  Experiment  IY.)>  during  which  he  let  the  cur- 

*  Ueber  Muskelcontraction — Referat  aus :  Proc.  of  the  Royal  Society,  1856. 
Vol.  viii.,  No.  22,  in  Virehow's  Archiv,  1857.    Band  xii.,  Heft  I.,  p.  118. 
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rent  act  ten  minutes,  including  interruptions,  to  cause  an 
increase  of  temperature  of  4.4°  C.  In  the  first  minute  of  the 
muscular  contraction,  the  mercury  fell  almost  invariably 
from  0.1°  to  0.5°  C. ;  it  rose,  however,  in  the  third  minute, 
if  the  contraction  was  prolonged,  and  then  continued  un- 
changed. When  the  contractions  were  of  moderate  duration, 
after  they  had  ended,  the  mercury  rose  in  the  first  minute 
most  rapidly,  but  reached  its  maximum  height  at  the  first 
irritation  always  in  from  four  to  six  minutes ;  at  the  later 
irritations,  it  reached  its  maximum  height  somewhat  sooner. 
The  increase  in  temperature  was  accompanied  by  an  in- 
crease in  volume,  which,  when  the  extensors  were  contracted 
in  the  forearm,  amounted  to  from  ^  to  1  cm.,  in  the  thigh 
to  from  1  to  2  cm.  Heidenhain  ^  has  lately  shown  that  the 
above-mentioned  sinking  of  the  temperature  at  the  begin- 
ning of  the  contractions  has  its  cause  in  the  imperfection 
of  the  experiments,  and  that  the  temperature  immediately 
rises  with  the  appearance  of  tetanization,  at  first  slowly,  then 
more  rapidly.  The  tetanus  is  followed  by  an  increase  of 
warmth  caused  by  oxidation  which  is  produced  by  the  mus- 
cular contractions,  and  seems  to  promote  the  circulation 
in  80  far,  only,  as  it  furnishes  material  for  the  oxidizing 
process. 


If  a  motor  nerve  be  subjected  to  the  action  of  a  constant 
CURRENT  at  the  moment  when  the  circuit  is  closed  and  at  the 
moment  it  is  opened,  the  muscle  supplied  by  the  nerve 
will  contract  :  closing  contraction — opening  contraction. 
During  the  time  the  constant  battery  is  closed,  an  effect  is 
either  not  at  all  or  in  a  much  slighter  degree  noticeable. 
Remak '  arrived  at  the  following  results :  1.  Tonic  muscle 
contractions  may  also  be  produced  by  the  constant  current, 

^  Mechanische  Leistung,  "Warmenentwicklung  und  Stoffumsatz  bei  der  Mus- 
kelthatigkeit.     Ein  Beitrag  zur  Theorie  der  Muskelkrafte.     Leipzig,  1864. 
^  L.  c,  p.  56,  c(  seq. 
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but  it  is  necessary  to  conduct  a  powerful  and  painful  current 
over  the  nerve  (from  20  to  50  of  Daniell's  elements).  2.  A 
current  can  cause  unbearable  pain,  without  producing  a 
tonic  contraction,  while  in  another  individual,  or  in  the  same 
individual  at  another  time,  the  same  current  produces 
powerful  contractions,  and  very  little  or  no  pain.  3.  The 
production  of  the  contractions  was  generally  facilitated  by 
the  sudden  application  of  the  electrodes  to  the  nerve ;  cases 
occurred,  however,  in  which  the  contractions  did  not  begin 
in  the  compass  of  the  nerve  until  the  conductor  was  slowly 
withdrawn  from  the  nerve,  with  which  it  had  been  for  about 
a  minute  in  contact.  The  contractions  continued  as  long  as 
the  conductor  acted  on  the  nerve  by  contact  with  the  skin. 
4r.  If  the  contractions  did  not  appear  at  the  first  contact, 
they  often  did  at  the  second,  after  the  current  had  traversed 
the  nerve  for  a  minute  or  more.  Remak  called  the  contrac- 
tion produced  by  the  constant  current  in  the  manner  de- 
scribed the  galvano-tonic  contraction,  to  distinguish  it  from 
the  tetanic  or  clonic  contraction,  which  is  produced  by  fre- 
quent induction-shocks,  or  by  the  frequently-interrupted 
constant  current.  "With  regard  to  the  explanation  of  these 
phenomena,  according  to  Remak,  the  galvano-tonic  contrac- 
tions, produced  in  the  human  organism  by  the  action  of  the 
constant  current  on  a  nerve,  belong  to  the  list  of  the  phenom- 
ena resulting  from  the  variations  of  the  current  intensity, 
to  which  Du  Bois's  law  concerning  the  current  oscilla- 
tion, already  given,  is  likewise  applicable.  Remak  ob- 
served that  the  tetanus  did  not  appear,  however  power- 
ful the  current,  unless  the  electrodes  were  connected  with 
the  limbs  by  moist  threads,  or  were  in  direct  contact 
with  the  muscles.  But  if  the  irritability  of  the  mus- 
cular fibres  be  increased,  they  undergo  a  delicate  twitch- 
ing, which  prevents  the  nerve  being  acted  upon  in  a  similar 
manner.  The  bearing  of  the  nerve  will  therefore  be  the 
same  as  when  it  is  alternately  brought  near  to  and  removed 
from  the  most  dense  current,  without  ever  being  entirely 
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withdrawn  beyond  its  influence,  that  is,  the  component  parts 
of  the  nerve  will,  on  account  of  the  variable  resistance  intro- 
duced, be  subjected  to  the  action  of  currents  of  variable  den- 
sity, and  consequently  the  muscles  supplied  by  these  nerves 
will  undergo  contractions,  which  are  either  really  tonic,  that 
is,  without  any  apparent  interruptions,  or  which  are  con- 
cealed from  observation  by  the  skin  and  tissue  that  cover 
them.^  5.  The  majority  of  persons,  particularly  young, 
muscular  persons,  showed,  under  like  circumstances,  only 
tonic  contractions  in  the  compass  of  the  galvanized  nerve. 
And  further,  in  the  same  person  a  contraction  was  observed, 
now  within  the  compass  of  the  galvanized  nerve,  and  now 
within  the  compass  of  its  antagonist,  on  different  days,  as 
the  result  of  the  same  operation.  The  influence  of  the  will 
in  these  cases  did  not  extend  beyond  preventing  the  antago- 
nistic contractions ;  but  then  there  usually  followed,  on  the 
appearance  of  the  current,  tonic  contractions  in  the  compass 
of  those  muscles  and  nerves  to  which  the  will  was  directed. 
This  struggle  between  the  antagonistic  group  of  muscles  was 
not  unfrequently  apparent  when  it  was  quite  independent 
of  the  will ;  and  it  happened  in  some  instances  that  one  con- 
traction, for  example,  the  flexion,  ceased  during  the  flow  of 
the  current,  and  passed  to  the  antagonistic,  that  is,  into  the 
extension,  and  mee  versa.  These  antagonistic  galvano-tonic 
contractions  are  said,  by  the  same  author,  to  be  reflex  con- 
tractions, which  proceed  from  the  central  organs,  in  conse- 
quence of  the  irritation  of  the  sensitive  nerves,  which  occurs 
when  they  are  under  electric  influence. 

The  opinion  also  formerly  prevailed,  with  regard  to  the 
muscles,  that  they  responded  with  contractions  only  to  the 
closing  and  opening  of  the  circuit.  Wundt,  Yon  Bezold,  and 
Fick  observed,  on  the  contrary,  that  the  muscles  continue 
contracted  so  long  as  the  current  passes  through  them. 
Wundt,  especially,  found  that  when  he  killed  animals  with 
curare — ^which,  as  is  well  known,  destroys  the  irritability  of 

1 L.  c,  p.  68. 


52  LAWS    OF   THE   CONSTANT   CURRENT. 

the  nerves,  but  not  of  the  muscles — the  convulsive  jerk  at 
the  opening  and  closing  disappeared,  while  the  continued 
contraction  remained.  The  intensity  of  the  current  that 
acts  on  the  nerve  and  muscle  exerts  a  notable  influence  on 
the  extent  and  character  of  the  irritation,  as  well  with  re- 
gard to  the  result  of  each  closing  and  opening  as  with  re- 
gard to  the  result  of  the  continued  closing  of  the  circuit.  In 
the  first  instance,  the  direction  the  constant  current  takes 
is  worthy  of  notice,  according  as  it  is  turned  from  a 
more  central  to  a  more  peripheric  transverse  section  (de- 
scending current),  or  from  a  more  peripheric  to  a  more  cen- 
tral transverse  section  (ascending  current).  "When  the  cur- 
rent is  of  medium  strength,  opening  and  closing  contractions 
follow ;  on  the  contrary,  when  the  current  is  very  strong  or 
very  weak,  only  one  contraction  results,  and,  indeed,  with  a 
weak  ascending  current,  only  a  closing  contraction ;  with  a 
strong  ascending  current,  only  an  opening  contraction ;  with 
a  strong  descending  current,  only  a  closing  contraction. 

The  law  observed  in  muscular  contractions  accords  per- 
fectly with  the  law  that  governs  nervous  contractions,  when 
the  part  of  the  muscle  directly  irritated  is  separated  from 
the  part  showing  the  irritation  by  its  contractions.  If,  on 
the  contrary,  the  whole  muscle  be  enclosed  in  the  circuit,  the 
most  energetic  contractions  will  generally  be  the  closing,  to 
which,  when  the  current  is  increased,  the  opening  contrac- 
tions will  be  added.  But,  the  worse  the  nerve  in  the  muscle 
performs  its  functions,  the  more  the  closing  contractions  pre- 
ponderate over  the  opening  contractions.  So  far  as  concerns 
the  consequence  of  the  closing,  the  weakest  and  strongest 
currents  have  no  effect  on  the  motor  nerves,  while  currents 
of  medium  intensity  produce  a  series  of  distinct  twitches  or 
a  tetanic  contraction.  In  the  muscle,  on  the  contrary,  the 
contraction  that  continues  during  the  closing  increases  with 
the  intensity  of  the  current. 

The  irritability  of  the  nerve  is  of  notable  influence  in 
the  production   of  the  contractions.     In  this   regard,  Du 
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Bois-Reymond,  by  experimenting  on  frogs,  arrived  at  the 
following  results  :  1.  Contractions  of  apparently  equal 
power  appear  with  the  highest  grade  of  irritability  at  each 
closing  and  opening  of  the  descending  current,  that  is,  from 
the  spinal  marrow  toward  the  muscle,  or  with  the  ascending 
current,  from  the  muscle  toward  the  spinal  marrow.  I 
say  apparent,  because  the  energy  of  the  contraction  makes 
a  gradual  distinction  impossible.  2.  With  a  medium  grade 
of  irritability,  on  the  contrary,  which  the  frog  originally 
possesses  or  soon  acquires  through  the  weakening  of  the 
irritability  by  the  current  (see  below),  at  the  closing  of 
the  descending  current,  a  very  powerful  contraction  ap- 
pears ;  at  the  closing,  a  very  weak  contraction,  or  perhaps 
none  at  all.  The  reverse  takes  place  with  the  ascending 
current — ^that  is,  at  the  closing,  either  a  very  weak  or 
perhaps  no  contraction  ensues;  at  the  opening,  a  very 
powerful  contraction.  There  are  many  exceptions  to  the 
rule  established  by  Ritter  *  and  verified  by  Nobili.''  For  in- 
stance, we  sometimes  see,  when  under  a  steady  action  the 
irritability  has  penetrated  still  deeper,  the  disconnecting 
contraction  increase  in  relative  strength  to  the  closing  con- 
traction, probably  because  the  nerve  has,  in  a  measure,  lost 
its  susceptibility  to  this  irritation  by  the  preceding  energetic 
closing  contractions,  while  it  has  retained  its  susceptibility 
for  the  opening  of  the  circuit.  According  to  Longet  and 
Matteucci,"  this  reversion  of  the  usual  phenomena  takes 
place  normally  in  the  anterior  roots  of  the  spinal  nerves  of 
the  dog,  rabbit,  frog,  etc.  For,  if  we  let  the  current  act  on 
these  roots  instead  of  on  the  trunk  of  the  nerve,  after  it  leaves 
the  canal  of  the  spinal  marrow,  contractions  follow  at  the 
closing  and  opening  of  the  ascending  and  descending  cur- 

*  Beweis,  dass  ein  bestandiger  Galvanismus  den  Lebensprozess  im  Thier- 
reiche  begleitet.  See  Ritter's  phys.-chem.  Abhandlungen  in  chronologisher 
Folge.     Leipzig,  1806. 

2  Annales  de  Chimie  et  Physique,  Mai,  1833,  t.  xliv. 

3  Comptes  rendus  de  I'Academie,  etc.,  du  9  Septembre,  1844,  t.  xix.,  p.  574. 
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rent,  at  first,  it  is  true,  later ;  however,  the  phenomena  ar- 
range themselves  invariably  so,  that  a  continued  contraction 
follows  the  closing  of  the  ascending  current,  and  a  less 
durable  contraction  follows  the  opening  of  the  descending 
current,  while  both  are  wanting  at  the  opening  of  the 
ascending  current  and  closing  of  the  descending  current. 
Since  the  nerves  lose  their  vitality  from  the  centre  toward 
the  circumference,  it  may  be  that  the  excitability  in  the  an- 
terior roots  of  the  spinal  nerves  decreases  rapidly  to  a  degree 
where  a  return  of  the  phenomena  occurs,  until  finally,  when 
the  irritability  is  entirely  lost,  no  twitching  at  all  is  ap- 
parent/ 

We  will  now  treat  of  the  law  in  its  more  specific  sense, 
to  which  these  twitchings  are  subjected ;  that  is,  we  will  an- 
swer the  question  relative  to  the  closing  and  opening  of  the 
circuity  when  the  current  is  variously  directed,  in  relation  to 
the  motor  and  sensitive  nerves. 

The  law  that  applies  here  is  that  of  Marianini — that  the 
descending  current,  at  the  closing,  after  the  closing,  and  at 
the  opening  of  the  circuit,  causes  more  pain;  while  the 
ascending  cun'ent,  at  the  closing  and  opening  of  the  circuit, 
causes  greater  contraction.  Eemak  ^  succeeded,  with  a  cer- 
tain intensity  of  current — ^between  20  and  30  of  Daniell's 
elements — in  producing  only  pain  with  the  descending  cur- 
rent, and  only  twitching  with  the  ascending  current,  when 
he  avoided  the  nerves  of  the  skin  running  over  the  biceps 
muscle.  With  a  greater  intensity  of  current — 4:0  elements, 
and  upward — closing  contractions  were  observed,  not  only 
when  the  cuiTcnt  ascended,  but  also  when  it  descended  ; 
they  were,  however,  more  powerful  when  the  current  flowed 
in  the  former  direction.  By  frequently  changing  the  direc- 
tion of  the  current,  and  especially  by  varying  the  action  of 
the  constant  currents,  this  difference  may,  it  is  true,  be  ren- 
dered almost  imperceptible.     A  reversion  of  the  law  of  con- 

^  Gilbert  and  Ritter's  Annalen  der  Physik,  p.  324. 
2  Galvanotherapie,  p.  114. 
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traction  often  takes  place  in  diseased  limbs  in  such  a  manner, 
that  the  ascending  current  causes  more  pain,  while  the  de- 
scending current  causes  more  twitching.  Remak  found 
further,  that,  when  we  let  the  current  act  in  such  manner 
that  one  conductor  is  in  contact  with  a  point  of  the  nerve, 
while  the  other  is  in  contact  with  any  portion  of  the  body 
{unipolar  application  of  the  current\  the  positive  electrode 
is  endowed  with  nearly  all  the  functions  which  the  descend- 
ing current  discharges,  and  the  negative  electrode  is  endowed 
with  the  functions  of  the  ascending  current. 

If  we  turn  now  to  the  changes  in  the  irritability  of  the 
nerve  in  the  electrotonus,  which  were  first  studied  by  Eck- 
hard,  and  the  errors  of  whose  assertions  were  corrected  by 
Pfliiger,  we  shall  find  they  obey,  according  to  the  last-named 
author,  the  following  law :  If  a  constant  current  be  con- 
ducted over  a  portion  of  a  nerve,  during  its  flow  the  irrita- 
bility will  be  altered,  not  only  in  the  intrapolar  portion, 
but  also  in  any  given  extrapolar  portion,  in  either  direction, 
and  it  is  increased  within  the  compass  of  the  negative 
electrode,  the  cathode ;  on  the  contrary,  it  is  lessened  with- 
in the  compass  of  the  positive  electrode,  the  anode.  The 
law  may  be  thus  expressed :  Every  portion  of  a  nerve  in 
the  condition  of  the  catelectrotonus  possesses  an  increased, 
and  every  portion  of  nerve  in  the  condition  of  the  anelec- 
trotonus  a  diminished,  irritability.  Between  the  electrodes 
there  is  a  point  at  which  the  catelectrotonus  goes  over  into 
the  anelectrotonus,  and  at  which  the  irritability  remains  un- 
changed. The  position  of  this  point  depends  upon  the  con- 
stant current  ;  the  stronger  the  current,  the  nearer  the 
negative  electrode.  In  the  extra-polar  portions,  the  irrita- 
bility decreases  with  the  withdrawal  of  the  electrodes,  until 
at  last  it  entirely  ceases. 

The  changes  in  the  irritability  of  a  muscle  when  it  is  in 
the  electrotonic  condition  difier  from  the  changes  that  take 
place  in  a  nerve,  therein  that  they,  like  the  electrotonic 
condition  itself,  are  confined  to  the  muscle  over  which  the 
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current  passes.  An  irritation  produced  above  or  below  the 
portion  of  muscle  over  which  the  constant  current  passes 
has,  consequently,  no  influence  on  the  degree  of  the  con- 
tractions. 

Kemak  had  already  ^  endeavored  to  demonstrate  that  the 
changes  in  the  irritability  of  healthy  and  diseased  nerves  and 
muscles  were  phenomena  resulting  from  the  electrotonic 
conditions,  but  he  failed  to  adduce  the  physical  proof  of  the 
correctness  of  his  opinion.  A.  Eulenburg"  succeeded  in 
placing  certain  superficial  motor  nerves  (accessorius,  medi- 
anus,  ulnaris,  peronseus)  and  muscles  (deltoideus  and  oppo- 
nens  pollicis)  in  the  electrotonic  condition.  For  example, 
by  bringing  into  contact  with  the  N.  accessorius,  di- 
rectly at  its  entrance  into  the  M.  trapezius,  a  small  button- 
shaped  negative  electrode  of  the  induction  apparatus,  whose 
posJLtive  electrode,  provided  with  a  broader  surface,  was 
pressed  to  the  sternum,  and  then  above  the  negative  electrode 
passing  an  ascending  or  descending  current — depending  on 
his  desire  to  test  the  anelectrotonus  or  the  catelectrotonus — 
over  the  ^.  accessorius,  in  the  first  case  (descending  extrapo- 
lar  anelectrotonus)  he  was  able  to  prove  that  there  was 
a  negative,  and  in  the  second  case  (descending  extrapolar 
catelectrotonus)  a  positive  increase  of  the  irritability  of 
the  portion  of  nerve  lying  beyond  the  current.  The  experi- 
ments demonstrated,  further,  that  the  amount  of  the  positive 
and  negative  increase,  as  well  as  also  the  duration  of  the 
after-effect  (especially  in  the  catalectrotonus),  generally 
answered  to  the  strength  of  the  current  and  the  duration  of 
closing. 

With  regard  to  the  muscles,  when  the  object  was  to  de- 
monstrate the  intrapolar  anelectrotonus  and  catelectrotonus, 
Eulenburg  proceeded  in  such  wise  that,  in  examining  the  ane- 

1 L.  c,  p.  92. 

2  Ueber  Electrotonisirende  Wirkungen  bei  percutaner  Anwendung  de8  con- 
stanten  Stromes  auf  Nerven  und  Muskeln.  Deutsches  Archiv.  fiir  Klin  Medicin, 
iii.  vol.,  186Y,  p.  IIV,  et  seq. 
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lectrotonus,  lie  placed  the  negative  electrode  of  the  induction 
current,  applied  to  the  muscle  itself,  near  the  anode,  and  in  ex- 
amining the  catelectrotonus  he  placed  the  electrode  near  the 
cathode.  Here,  also,  the  positive  increase  with  the  catelec- 
trotonus was  apparent ;  the  negative  increase  with  the  ane- 
lectrotonus  less  so. 

]N"ot  only,  however,  is  the  irritability  changed,  but  the 
POWER  TO  CONDUCT  THE  IRRITABILITY  is  also  changed,  be- 
ing diminished  in  the  anelectrotonic  as  well  as  in  the 
catelectrotonic  portions.  Betzold  found  that  this  decrease 
in  the  rapidity  of  transmission  reaches  its  maximum  near 
the  electrodes,  and  sinks  from  these  points  toward  the  intra- 
polar  as  well  as  toward  the  extrapolar  portions,  but  the  de- 
crease extends  farther  on  the  side  of  the  anode  than  on  the 
side  of  the  cathode.  Another  phenomenon,  also  discovered 
by  Betzold,  is  connected  with  this  decreased  conductivity 
in  the  electrotonus,  that  it  is  longer  before  the  twitching 
appears,  when  the  nerve  is  irritated  by  the  closing  of  chain 
currents  (time  of  the  latent  irritation),  than  when  by 
opening  shocks.  If  it  is  a  descending  current,  this  delay  is 
noticeable  with  weak  currents  only ;  with  stronger  currents 
the  twitchings  immediately  appear.  If,  however,  it  is  an 
ascending  current,  so  that  the  stimulus  must  pass  the  point 
traversed  by  the  current  and  the  anelectrotonic  point  before 
the  twitching  appears,  the  moment  of  the  latent  irritation 
will  often  be  noticeable.  These  facts  can  be  explained  only 
by  admitting — 1.  That  at  every  entrance  of  a  constant  cur- 
rent into  the  nerve  a  moment  of  preparation  transpires 
before  the  irritation  appears,  which  preparatory  moment 
gradually  decreases  with  the  increase  in  the  intensity  of  the 
current ;  and  2.  That  at  each  closing  of  a  constant  current, 
the  irritation  takes  place  only  at  the  cathode,  and  the  por- 
tions of  nerve  and  muscle  near  the  anode  are  only  irritated, 
if  at  all,  by  the  transmission  of  the  irritability  induced  by 
the  negative  pole.  A  delay  in  the  conductivity  takes  place 
in   an  electrotonic  muscle  as  well  as  in  a  nerve,  but  the 
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delay  of  the  conductivity  does  not  extend  beyond  the  electro- 
tonic  portion. 

The  after-action  of  the  electeotonus  is  manifold.  On 
the  one  hand  it  consists  in  change  of  irritability,  which  re- 
mains for  a  time  after  the  electrotonus  ceases,  and  on  the 
other  hand  in  an  irritation  that  accompanies  the  transition 
from  the  electrotonus  to  the  usual  condition.  The  first  of 
these  conditions  consists,  according  to  the  position  of  the 
electrodes,  in  an  increased  irritability  (positive  modifica- 
tion) or  in  a  diminished  irritabiKty  (negative  modification). 
After  its  disappearance,  the  catelectrotonus  leaves  a  neg- 
ative modification  of  short  duration  behind,  which  soon 
gives  way  to  a  positive  modification  of  greater  duration, 
while  the  anelectrotonus  is  immediately  transformed  into 
a  gradually-increasing  positive  modification.  The  second 
after-action  of  the  constant  current — the  irritation  with  the 
open  circuit — is  caused  by  the  disappearance  of  the  anelec- 
trotonus, and  generally  manifests  itself  by  an  opening  con- 
traction, but  sometimes,  when  the  constant  current  is  of  a 
certain  duration,  by  an  opening  tetanus.  Its  seat  is  at  the 
anode.  Those  transverse  sections  of  nerves  or  muscles  that 
are  near  the  cathode  are  placed  in  an  irritated  condition,  if 
at  all,  only  by  the  transmission  of  the  stimulus  proceeding 
from  the  positive  pole. 

In  the  muscle,  this  after-action,  as  well  as  the  direct 
action  of  the  electrotonus,  is  confined  to  the  portion  traversed 
by  the  current.  The  opening  of  a  constant  current,  that  has 
passed  over  a  muscle  for  a  length  of  time,  is  followed  by  a 
continued  contraction  of  the  muscle,  which  relaxes  very 
slowly.  By  closing  the  antagonistic  current,  the  contraction 
is  increased ;  by  closing  the  currents  flowing  in  the  same 
direction,  it  is  dissolved.  Betzold  thinks  he  is  justified,  by 
the  results  of  his  experiments,  in  coming  to  the  conclusion 
that  the  irritating  action  of  the  galvanic  current  is  due  to 
the  chemical  efiects  produced  by  the  current  in  the  conduc- 
tors over  which  it  flows,  and  that  the  electric  irritation  is 
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nothing  else  tlian  a  certain  form  of  cliemical  irritation,  whose 
process,  like  the  hydrogen-generating  process,  during  the 
closing  of  the  current,  appears  directly  only  at  the  negative 
pol6. 

We  have  an  additional  after-action  in  the  modification 
of  the  irritability  of  the  nerves,  which  is  produced  by  the 
change  in  the  direction  of  the  current.  Eitter,  who  experi- 
mented with  weak  Yoltaic  piles,  found  that,  when  we  let  a 
frog's  thigh  remain  for  from  thirty  minutes  to  an  hour  in  a 
closed  circuit,  its  irritability  changes.  Then,  with  a  descend- 
ing current,  no  contraction  will  follow  either  the  opening  or 
closing  of  the  circuit ;  with  an  ascending  current,  on  the 
contrary,  the  contractions  increase  in  strength  the  longer  the 
closing  is  continued,  until  at  last  tetanus  follows  the  opening 
of  the  circuit.  According  to  Yolta,  who  experimented  with 
a  more  powerful  apparatus,  both  directions  of  the  current  are 
depressing  in  their  effects ;  the  nerve,  consequently,  no  mat- 
ter what  the  direction  of  the  constant  current  is,  remains  mo- 
tionless. But,  if  we  now  change  the  direction  of  the  current, 
so  that,  for  example,  the  nerve  is  traversed  by  an  ascending 
instead  of  a  descending  current,  it  will  be  found  to  be  again 
irritable  (Yoltaic  change).  According  to  him,  therefore,  the 
ascending  as  well  as  the  descending  current  would  change 
the  irritability  of  the  nerve  in  such  wise,  that  it  renders 
the  nerve  insensitive  to  the  stimulus  of  the  direction  of  its 
own  current,  and  sensitive  to  the  antagonistic  current.  J. 
Rosenthal  ^  has  given  the  subject  a  thorough  examination, 
and  has  succeeded  in  bringing  all  the  facts  relative  to  it  un- 
der the  following  law  :  "  Every  constant  current  that  for  a 
length  of  time  passes  over  a  motor  nerve  places  it  in  a  con- 
dition in  which  the  irritability  is  increased  for  the  opening 
of.  the  approaching  current  and  the  closing  of  the  antago- 
nisf ;  on  the  contrary,  it  is  diminished  for  the  closing  of  the 
former  and  the  opening  of  the  latter." 

^  Monatsbericht  der  Konigl.  Preuss.  Academie  der  Wissenschaften  zu  Ber- 
lin,  Dec.  185Y,  p.  640. 
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A  further  action  of  the  constant  current  on  the  muscles 
consists  in  the  reestablishing  of  their  extinct  irritability. 
Heidenhayn  was  the  first  to  discover*  that  a  muscle,  that 
by  fatigue  or  maltreatment  of  any  kind — provided  its  vi- 
tality has  not  been  entirely  destroyed — has  lost  its  irrita- 
bility, will  recover  it,  if  the  muscle  be  subjected  for  thirty 
seconds  or  more  to  the  action  of  a  sufficiently  powerful 
(say  from  twenty-five  of  Daniell's  elements)  constant  cur- 
rent. The  two  directions,  however,  are  notably  unlike. 
The  descending  current  is  weaker  in  its  action,  and  loses  its 
powers  sooner,  than  the  ascending.  If  the  irritability  of  a 
muscle  has  been  reestablished  by  a  constant  current  in  this 
manner,  the  electrical  stimulus  has  a  peculiar  efifect  on  it. 
Thus,  if  a  constant  current  has  passed  over  a  non-irritable 
muscle  for  a  length  of  time  in  a  certain  direction,  a  contrac- 
tion can  be  obtained,  under  the  most  favorable  circum- 
stances, by  opening  this  current  or  closing  its  antagonist. 
If,  also,  for  example,  the  ascending  current  be  used  to  re- 
establish the  conductivity,  contractions  will  be  obtained, 
under  the  most  favorable  circumstances,  by  opening  the 
ascending  or  closing  the  descending  current.  What  Heiden- 
hayn in  this  manner  demonstrated  on  frogs,  Remak  observed 
on  the  living  person.  As  a  result  of  his  experiments,  he 
arrives  at  the  following  conclusions :  a.  The  constant  cur- 
rent increases  the  irritability  in  the  sensitive  as  well  as  in 
the  motor  nerves,  h.  It  increases  the  power  of  a  muscle 
produced  by  the  influence  of  an  induction  current.  If,  for 
example,  we  have  tested  the  contractility  of  a  muscle  (the 
biceps,  for  instance)  by  means  of  a  weak  extra-current  con- 
ducted over  the  nerve,  and  have  found  it  to  be  feeble,  and 
then  conduct  a  constant  current  of  from  20  to  25  elements, 
for  from  15  to  60  seconds,  over  the  nerve  and  muscle,  the 
equally-intense  induction  current  will  now  be  able  to  effect 
a  complete  elevation  of  the  upper  arm.  Fick  ^  contends 
that  similar  experiments  on  himself  produced  negative  re- 

»  X.  c.  2  X.  c,  p.  461. 
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suits,  and  is,  therefore,  of  opinion  that  the  revitalizing  of  an 
exhausted  muscle  on  the  living  subject,  by  the  use  of  the 
constant  current,  as  recommended  by  Heidenhayn,  is  hardly 
possible.  The  result  of  my  own  observations  inclines  me 
to  Eemak's  opinion.  Especially  in  a  case  of  congenital 
facial  paralysis  of  the  right  side  in  a  young  man  of  twenty- 
four,  the  reactive  power  for  the  intermitting  current  was 
always  increased,  after  subjecting  the  frontalis  for  30  or  40 
seconds  to  the  action  of  a  constant  current  of  from  12  to 
16  elements.  The  patient  also  asserted  that  the  feeling  of 
contraction  was  much  stronger  than  before.  In  like  man- 
ner, by  means  of  an  intense  current,  I  was  enabled,  in  sev- 
eral cases  of  lead  paralysis,  to  increase  the  reaction  of  the 
extensors  against  the  induced  current.  Remak,  at  the 
same  time,  observed^  that  the  irritability  of  the  muscles 
and  nerves  for  induced  currents,  and  for  the  entrance  and 
exit  of  constant  currents,  so  far  as  we  can  judge,  as  a  rule, 
is  equal ;  that  there  are  cases,  however,  in  healthy,  and, 
of  course,  more  frequently  in  diseased,  limbs,  where  the 
irritability  for  one  or  the  other  current  is  greater.  After 
Baierlacher,  Schulz,  Meyer,  and  Ziemssen  had  published 
a  series  of  cases — all  of  them  of  facial  paralysis — which 
gave  as  their  result,  that  in  completely  paralyzed  mus- 
cles and  nerves  the  irritability  for  the  constant  current  is 
sometimes  not  only  sustained,  but  even  increased,  while 
the  irritability  for  the  interrupted  current  entirely  ceases ; 
and  after  much  labor  had  been  expended  in  vain  endeavors 
to  explain  these  phenomena  satisfactorily,  ISTeumann  in- 
stituted a  series  of  experiments  on  an  appropriate  case 
of  facial  paralysis,"  in  order  to  test  physically  the  differen- 
tial action  of  the  induced  and  constant  currents,  which 
proved  that  a  momentary  duration  of  the  constant  current 
produces  the  irritating  effects  on  paralyzed  muscles  and 
nerves,  while  these  effects  cannot  be  obtained  by  induced 
currents  of  momentary  duration.     Briickner's  experiments 

'  L.  <?,,  p.  93.  .  •  2  Deutsche  Klinik,  1864,  No.  4. 
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on  several  patients  affected  with  paralysis  with  fatty  de- 
generation and  atrophy/  and  Ziemssen's  observations  on 
paralysis  of  the  nerves  of  the  arm,"  prove  the  correctness 
of  Neumann's  views. 

In  conclusion,  we  must  speak  of  the  so-called  paralyzing 
action  of  the  constant  current.  Valentine '  was  the  first  to 
assert  that  the  constant  current,  so  long  as  it  traverses  a 
portion  of  nerve  with  a  given  intensity,  renders  it  incapable 
of  transmitting  contraction-producing  stimulus.  Matteucci 
attained  similar  results  by  a  difierent  series  of  experiments, 
and  consequently  recommended  the  application  of  the  con- 
tinued current  as  a  remedy  for  tetanus.  He  tetanized  frogs 
with  strychnia,  and  then  subjected  them  to  the  action  of  a 
direct  continued  current.  The  frogs  died  without  any  of 
the  usual  convulsions  that  accompany  death  caused  by 
strychnia.  Later,  Eckhard*  made  some  experiments  to 
discover  the  effect  of  the  electrical  stimulus  on  the  nerves 
of  the  muscles,  when  a  part  of  the  nerve  is  subjected  to 
the  action  of  a  continued  current,  and  found  that  in  this 
case  contractions  followed  neither  the  mechanical  nor 
chemical  irritation,  nor  even  the  stimulus  of  the  inter- 
rupted current.  In  other  words,  the  nerve  is  paralyzed  so 
long  as  any  portion  of  it  is  subjected  to  the  action  of  a  con- 
tinued current.  The  following  peculiarities  resulted  from  the 
application  of  the  interrupted  current  as  an  irritant :  1.  The 
relation  between  the  intensity  of  the  interrupted  and  con- 
stant currents  is  not  unimportant.  If  the  latter  should 
neutralize  the  action  of  the  former,  it  must  not  sink  below 
a  certain  degree.  2.  The  paralyzing  effect  of  the.  constant 
current  is  more  apparent  when  it  is  placed  between  the 
muscle  and  the  irritating  battery  than  between  the  irritating 
battery  and  free  end  of  the  nerve.     3.  The  ascending  direc- 

1  Deutsche  Klinik,  1865,  No.  30. 

2  Electricitat  in  der  Mediein,  3d  ed.,  1866,  p.  90,  et  seq.,  and  pp.  '73-95. 
'  Lehrbuch  der  Physiologic  des  Menschen,  vol.  ii.,  sec.  ii.,  p.  655,  1848. 
4  Henle  and  Pfeuffer,  I.  c. 
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tion  of  the  current  in  the  constant  circuit  neutralizes  more 
powerful  irritating  currents  than  the  descending.  From 
these  facts  Eckhard  came  to  the  following  conclusions: 
Every  muscular  contraction  to  be  expected  under  the  influ- 
ence of  any  irritation  whatever  can  be  avoided  by  means  of 
a  constant  current,  and  every  tetanus  already  existing  may 
in  like  manner  be  removed.  An  additional  series  of  experi- 
ments led  Eckhard/  in  partial  contradiction  to  the  above 
statements,  to  the  following  results :  1.  If  a  constant  cur- 
rent flows  upward  in  a  motor  nerve,  its  irritability  is  de- 
creased under  the  influence  of  every  form  of  irritation,  no 
matter  at  what  point  of  the  nerve  it  is  applied.  2.  But,  if 
the  current  descends,  a  decrease  of  irritability  will  take 
place  in  and  above  the  galvanized  portion  only ;  on  the  con- 
trary, the  irritability  of  the  portion  below  the  negative  elec- 
trode will  be  increased.  Pfliiger  has  shown  that  not  only 
these  contradictions,  but  also  the  errors  in  the  last  two  as- 
sertions of  Eckhard,  were  due  mainly  to  the  fact  that  he  did 
not  consider  the  great  dependency  of  the  phenomena,  in 
these  cases,  on  the  intensity  of  the  constant  current.  In 
consideration  of  this  fact,  the  above-named  results,  accord- 
ing to  Pfliiger,"  should  be  expressed  as  follows :  1.  When 
we  irritate  a  motor  nerve  above  a  constant  ascending  cur- 
rent whose  intensity  does  not  pass  a  certain  grade,  the  con- 
tractions are'  not  weakened,  as  Eckhard  supposed,  but  the 
reverse  is  true  of  the  descending  current  of  like  intensity, 
when  the  irritation  takes  place  above  it.  It  is  only  when 
the  intensity  of  the  current  passes  a  certain  degree,  that  re- 
sults are  reversed.  2.  The  other  statement  of  Eckhard,  that 
with  the  ascending  constant  current  the  irritability  of  the 
nerve  at  every  point  is  decreased,  is  also  in  the  main  incor- 
rect. If,  for  example,  the  current  does  not  pass  a  certain  de- 
gree, the  contractions  produced  by  irritating  a  portion  of  the 
nerve  above  the  portion  reached  by  the  constant  current  are 

^  Beitrage  zur  Anat.  Physiol.,  1855,  I.  c. 

*  XJeber  das  Hemmungsnervensystem,  etc.,  I.  c,  p.  3. 
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by  no  means  weakened — on  the  contrary,  they  are  singularly 
strengthened.  But  if  the  current  passes  a  certain  intensity, 
then  the  contrary  is  true,  that  is,  the  contractions  are 
weakened. 


Directly  connected  with  the  changes  that  are  produced 
in  the  nerve  and  muscle  by  the  electrotonus  are  those 
changes  of  irritability  which  are  occasioned  by  the  irrita- 
tion itself,  as  well  as  by  a  variety  of  other  influences,  tem- 
perature, etc. — considerations  which,  on  account  of  their 
practical  importance,  we  should  not  fail  to  notice  in  this 
connection : 

1.  By  the  irritation  itself  sometimes  an  increase  and  some- 
times a  decrease  of  irritability  will  be  produced.  The  first  is 
observed  when  the  stimulants  follow  one  another  with  mod- 
erate rapidity,  neither  too  quickly  nor  too  slowly,  and  do 
not  pass  a  certain  duration  and  intensity.  If  the  stimulants 
follow  too  rapidly,  if  they  are  too  violent  or  too  durable,  a 
decrease  of  irritability  will  be  quickly  noticeable.  The  in- 
crease of  the  irritability  by  the  irritation  can,  according  to 
Wundt's  observations,  be  so  considerable,  that,  for  example, 
an  induction  shock,  that  at  first  only  stills  a  weak  twitching, 
finally  produces  a  forcible  and  durable  tetanus.  Wundt 
found  also  that,  by  the  use  of  induction  shocks  of  short  dura- 
tion, a  difierence  existed,  depending  on  the  direction  of  the 
latter.  Descending  induction  shocks  proved  much  more  effec- 
tive than  ascending,  probably  because  in  the  latter  xiase  the 
irritation  at  the  cathode  must  pass  the  anelectrotonic  inter- 
ception before  reaching  the  muscle,  while  with  the  descend- 
ing current  the  irritation  is  produced  on  the  side  toward  the 
muscle.  Hence  it  is  that  an  increase  of  irritability  pro- 
duced by  a  descending  induction  current  is  increased  by  a 
constant  current  flowing  in  the  same  direction,  and,  on  the 
contrary,  decreased  by  a  constant  current  flowing  in  the 
contrary  direction.     The  decrease  in  irritability  caused  by 
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irritation  or  fatigue  is  observed  especially  when  the  stimu- 
lants follow  one  another  rapidly  or  are  too  intense.  Thus, 
frequent  interruptions  of  the  current  of  a  powerful  battery, 
as  well  as  the  individual  shocks  of  a  powerful  induction 
current,  have  but  little  influence.  So  we  see,  further,  not 
unfrequently,  in  pathological  conditions  in  which  a  powerful 
induction  current  is  necessary  to  produce  muscular  contrac- 
tion, that  after  a  time  it  fails  to  produce  any  contraction 
whatever.  Further,  the  contraction,  when  the  individual 
twitchings  have  become  resolved  into  a  continued  (tetanic) 
contraction,  decreases,  at  first  rapidly,  and  later  more  and 
more  slowly.  If  a  muscle  has  been  contracted  for  a  short 
time  only,  its  own  inherent  current — which,  by  the  dimin- 
ished deviation  of  the  galvanometer  needle,  has  indicated  a 
change  in  its  molecular  condition — by  the  immediate  return 
of  the  needle  to  its  original  position,  indicates  the  undimin- 
ished strength  of  the  muscular  current;  if,  however,  the 
muscular  contraction  has  been  of  longer  duration,  the  needle 
will  take  more  time  to  return  to  its  original  position. 
Brown-Sequard's  experiments  on  the  enervating  effects  of 
the  electric  current  are  highly  interesting  to  the-  student  of 
these  phenomena.^  He  subjected  the  hind-leg  of  a  rabbit 
to  the  action  of  a  powerful  magneto-electric  current,  and 
then  killed  the  animal.  Two  and  a  half  hours  afterward, 
the  electrized  limb  was  found  to  have  stiffened,  while  the 
other  hind-leg  was  still  limber  ;  two  hours  later,  the  rigidity 
of  the  faradized  limb  began  to  decrease,  while  it  just  began 
in  the  limb  that  was  not  faradized.  A  week  later,  the 
former  was  in  a  state  of  decomposition,  while  the  latter  was 
still  rigid.  He  then  took  another  rabbit,  cut  off  both  fore- 
legs, and  subjected  one  of  them  to  the  action  of  an  electric 
current.  The  muscular  irritability  decreased  slowly,  until, 
at  the  expiration  of  ten  minutes,  it  had  so  far  disappeared, 
that  rigidity  began  to  be  apparent.  The  other  extremity 
was  still  irritable.     In  half  an  hour,  the  rigidity  of  the  fara- 

1  Gaz.  M6d.  de  Paris,  1849,  pp.  881  and  999. 
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dized  limb  began  to  decrease,  while  it  was  five  hours  before 
there  was  any  appearance  of  rigidity  in  the  other.  In  a  cor- 
responding manner,  decomposition  had  made  considerable 
progress  in  one  extremity,  while  the  other  was  still  rigid. 

2.  The  irritability  is  preserved  by  the  connection  of  the 
nerve  with  the  brain  and  spinal  marrow.  In  the  living  ani- 
mal, a  portion  of  nerve  separated  from  the  brain  or  spinal 
marrow  changes  its  microscopic  character  after  five  or  six 
days,  and  has  then  entirely  lost  its  irritability.  The  muscles 
retain  their  irritability  longer.  In  reference  to  these  phe- 
nomena, Yalli  was  the  first  to  assert  ^  that  the  vitality  of  the 
motor  nerves  was  more  in  their  ramifications  than  in  their 
origins.  In  some  cases,  where  the  irritation  of  a  portion* of 
nerve  situated  near  the  origin  failed  to  produce  muscular 
contractions,  they  followed  the  irritation  of  a  portion  of  the 
same  nerve  lying  near  the  periphery.  Nysten's  law,  accord- 
ing to  which  the  rigidity  of  death  proceeds  from  the  portions 
nearer  the  brain  toward  the  more  distant,  in  the  axis  of  the 
brain  and  spinal  marrow  from  above  downward,  in  every 
nerve  from  its  origin  toward  its  ramifications  in  the  muscles, 
is  a  strong  argument  in  favor  of  the  correctness  of  Yalli's 
theory.  Matteucci  and  Longet '  tell  us  that  they  have  ob- 
served directly  opposite  phenomena  in  experimenting  on 
the  sensitive  nerves,  which  lose  their  vitality  first  in  their 
ramifications  in  the  skin,  and  last  at  their  origin  in  the  brain 
and  spinal  marrow,  and  consequently  the  portions  nearest 
the  nervous  centres  retain  their  irritability  longer  than  those 
near  the  periphery.  These  experiments  with  the  sensitive 
nerves,  on  account  of  the  difiiculties  attending  them,  have 
not,  as  yet,  been  verified.  Ritter  thought  he  had  also  dis- 
covered that  the  irritability  of  the  flexors  was  much  less 
than  that  of  the  extensors ;  yet  the  difierence  between  the 
two  consists  only  in  the  fact  that  the  flexors  sooner  cease  to 
react  under  the  influence  of  the  electric  stimulus  than  the 

^  See  Du  Bois-Reymond,  I.  c,  vol.  i.,  pp.  322-326. 
«Arch.  G4n.de  Med.,  1847. 
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extensors,  and  are  the  first  to  undergo  decomposition,  per- 
haps because  the  former  are  in  connection  with  a  higher 
point  of  the  spinal  marrow  than  the  latter. 

3.  Interruption  of  the  circulation  also  weakens  the  iiTita- 
bility.  If  we  separate  the  lower  from  the  upper  portion  of 
a  frog  in  such  a  manner  that  they  are  connected  by  the 
nerve  only,  the  irritability  nevertheless  continues  for  several 
days,  although  the  nerves  of  parts  well  supplied  with  blood 
retain  their  irritability  longer  than  those  of  parts  poorly 
supplied.  Kilian  ^  found  that  if  we  open  a  blood-vessel  of 
one  leg  of  a  frog,  just  killed,  and  extract  the  blood,  while  in 
the  other  leg  the  blood  is  retained,  and  then  irritate  the 
nerves  of  both  extremities  until  no  more  contractions  ensue, 
the  nerves  of  the  limb  retaining  its  blood  will  soon  recover 
so  that  renewed  irritation  will  reproduce  the  contractions, 
while  the  nerves  of  the  other  (bloodless)  limb  will  have  en- 
tirely lost  their  susceptibility  to  electric  irritation.  Brown- 
Sequard  ^  tied  the  aorta  of  a  rabbit,  above  the  aterise  renales, 
and  the  muscles  of  the  hind  legs  a  few  hours  afterward 
ceased  to  contract  in  response  to  electrical  irritation.  When 
he  loosened  the  ligature,  however,  the  muscular  irritability 
returned. 

4.  Bruises,  lacerations,  pressure,  too  high  or  too  low  tem- 
perature, notable  derangement  of  nervous  nutrition,  in  short, 
every  thing  that  changes  the  nerve  chemically,  decreases  the 
irritability.  As  for  the  influence  of  the  temperature,  Eck- 
hard  found  that  the  nerves  of  a  frog  in  water  of  0°  Reaumur 
became  insensible  in  45  seconds,  and  in  water  from  —3°  to 
—5°  they  become  immediately  insensible.  At  -f  30°  R. 
their  susceptibility  to  irritation  continued  from  12  to  15 
seconds,  and  at  from  +55°  to  +60°  R.  the  susceptibility 
was  only  momentary.      Rosenthal'  found  that  the  motor 

^  Versuche  ueber  Restitution  der  Nerven — Erregbarkeit  nach  dem  Tode. 
Giessen,  185Y. 

2  Gaz.  Med.,  1851,  No.  37. 

3  Ueber  den  Einfluss  hoherer  Temperaturgrade  auf  Moteresche  Nerven. 
Notiz  in  der  Mede.  Central-Zeitung,  1859,  No.  96. 
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nerves  lose  their  sensibility  at  about  +Y0°  C,  and  that 
they  retain  it  for  a  time  at  a  lower  temperature,  for  ex- 
ample, at  +  60°,  about  4  or  5  seconds ;  at  +  50°,  about  16 
seconds;  at  +40°,  more  than  10  minutes,  etc.,  that  is,  much 
longer  than  Eckhard  states.  On  the  contrary,  the  higher  the 
temperature,  provided  it  does  not  pass  a  certain  limit,  the 
greater  the  irritability.  Thus  Schelske*  found,  in  experi- 
menting with  the  nerve  of  a  frog,  that  an  irritation  that  was 
insufficient  to  overcome  a  contraction  at  15°  C,  was  quite 
sufficient  at  18°  C.  An  elevation  to  36°  C.  caused  a  sudden 
increase,  and  then  a  continued  decrease  of  the  irritability. 
Important  disturbances  of  nutrition  supervening,  the  nerve- 
fibres — the  oily  matter  of  which  has  coagulated — ^no  longer 
react  under  electric  irritation.  A  certain  decomposition 
takes  place  in  the  muscular  fibres  of  long-paralyzed  limbs. 
They  appear  paler  and  softer,  lose  their  contractility,  but 
preserve  their  transverse  fibres.  In  these  cases  better  nutri- 
tion may  restore  the  contractility.  If,  however,  the  muscular 
fibres  have  degenerated  into  fat  or  cellular  tissue,  the  irrita- 
bility is  hopelessly  lost.  • 


n.      THE    EFFECT   OF   THE    ELECTRIC    CURRENT    ON    THE    NERVES 
OF   SENSE   AND   THE   SENSORY   NERVES. 

While  on  the  irritation  of  the  motory  nerves  the  resulting 
phenomena  are  increased  through  the  fluctuation  of  the  cur- 
rent, it  is  otherwise  with  the  special  nerves  of  sense  and  the 
sensory  nerves.  It  is  true  that  their  activity  is  heightened 
through  the  fluctuation  of  the  current's  intensity,  but  this 
also  takes  place  when  there  is  a  gradual  lessening  of  the 
irritation,  even  during  the  closure  of  the  circuit.  In  other 
respects  the  sensory  nerves  behave  as  the  motory — only, 

*  Ueber  die  Veranderungen  der  Erregbarkeit  dutch  Warme.  Heidelberg, 
1860. 
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since,  on  the  other  hand,  the  central  nerve-end  lies  nearer 
to  the  organ  perceiving  the  sensation  than  tjie  peripheral 
end,  the  law  of  the  electrical  sensations  assumes  an  opposite 
expression  to  the  law  of  contraction,  i.  e.,  by  a  descending 
weak  current  there  is  only  a  sensation  on  closing  the  cil'cuit ; 
by  a  descending  strong  current  there  is  only  a  sensation  on 
opening  the  circuit;  while,  on  the  contrary,  by  an  ascending 
current,  the  sensation  on  closing  the  circuit  increases  with 
the  strength  of  the  current. 

If  we  allow  the  interrupted  current  to  work  on  the  skin, 
the  following  sensations  differ  according  to  the  strength  of 
the  current,  the  frequency  of  the  shocks,  and  the  form  of  the 
conductors,  and  vary  from  a  light  tickling,  pricking,  burning 
sensation  to  the  most  severe  pain.  The  increase  of  the  pain 
with  the  greater  frequency  of  the  shocks,  arises  from  the  fact 
that  the  nerves  of  sense  and  the  sensory  nerves  have  the 
peculiarity  of  perceiving  sensations  for  some  time  after  the 
impression  is  made.  A  single  shock  of  an  induction  appa- 
ratus causes  only  a  light  sensation ;  if,  however,  to  this  there 
follows  quickly  a  second,  the  sensation  is  stronger,  for  to  the 
effect  of  the  first  that  of  a  second  is  added,  and  so,  according 
to  the  quickness  of  the  interruption  of  the  current,  the  pain 
is  increased  in  intensity.  The  form  of  the  conductors  we 
may  so  modify,  by  the  use  of  metallic  platinum,  which  easily 
takes  the  form  of  the  body,  or  of  cylindrical,  globular,  or 
conical  tips,  or,  finally,  of  metallic  threads,  bound  together 
in  the  form  of  a  broom,  from  the  points  of  which  long  crack- 
ling sparks  easily  pass  to  the  skin,  as  to  produce  a  degree  of 
excitement  which  for  the  normal  skin  is  insupportable,  and 
which,  even  to  the  skin  deprived  of  ordinary  sensibility,  is 
exceedingly  painful. 

If  we  connect  the  epidermis  with  the  conducting  wires 
of  a  Yoltaic  pile,  there  arises  at  the  moment  of  closing  the 
circuit  a  pricking,  stinging,  burning  sensation  which,  with 
currents  of  certain  intensities,  may  be  increased  till  it  be- 
comes unendurable.     This  sensation,  which  is  strongest  at 
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the  moment  of  making  the  connection,  exists  with  lessened 
intensity  also,  during  the  closure  of  the  circuit.  The  dry  skin 
is  much  more  sensitive  than  the  moist,  and,  when  deprived 
of  its  epidermis,  a  painful,  burning  point  is  produced.* 
There  is  a  remarkable  difference  in  the  strength  of  the  sen- 
satioUj  both  by  the  use  of  the  Yoltaic  pile  and  the  induction 
apparatus,  between  the  positive  and  negative  poles ;  provided 
that  the  electrodes  are  of  equal  thickness,  the  negative  pole 
always  produces  a  more  intense  effect  on  the  skin.  We  may 
easily  assure  ourselves  of  this  by  placing  two  similar  conduct- 
ors on  two  corresponding  parts  of  the  body ;  the  burning 
sensation  at  the  point  touched  by  the  negative  pole  will 
always  be  the  stronger.  The. negative  pole  also  produces  a 
stronger  effect  on  the  motory  nerves  than  the  positive.  If 
we  expose,  for  instance,  two  homologous  muscles  of  the  face 
equally  to  the  working  of  the  current,  the  contraction  of  the 
one  affected  by  the  negative  pole  will  be  greater  than  that 
produced  in  the  other.' 

Moreover,  all  regions  of  the  skin  are  not  equally  sensitive 
—the  most  sensitive,  on  account  of  its  richness  in  nerves,  is 
the  face — and  in  this  the  most  sensitive  parts  are :  the  points 
of  issue  of  the  trigeminus  nerve,  as  the  ^N".  supraorbitalis 
from  the  for.  supraorbitale,  as  the  N.  subcutaneus  malse 
from  the  for.  zygomaticum,  as  the  K.  alveolaris  inf.  from 

1  Vide  Humboldt's  Versuche  iiber  die  gereizte  Muskel-  und  Nervenfaser, 
1797.     Tom.  i.,  pp.  101,  197,  etc. 

^  The  determination  of  a  pole  as  positive  or  negative  is  made  most  conven- 
iently by  the  electrolysis  of  the  iodide  of  potassium.  If  the  conducting  wires, 
tipped  with  platinum,  of  a  battery,  are  placed  on  a  piece  of  blotting-paper,  satu- 
rated with  a  solution  of  starch  paste  and  the  iodide  of  potassium,  immediately 
there  appears  on  the  positive  pole,  from  the  deposition  of  iodine,  a  blue  spot. 
With  the  induction  apparatus  we  fasten  the  ends  of  the  secondary  coil  with  the 
platinum  wires  {vide  Section  V.,  Duchenne's  apparatus,  or  the  following),  secure 
the  spring  so  that  it  does  not  vibrate,  and  then  conduct  the  induced  current, 
produced  by  breaking  the  primary  current,  through  the  filter-paper.  Of  course, 
if  the  terms  positive  and  negative  are  to  mean  always  the  same  thing,  the 
primary  current  must  always  have  the  same  direction,  i.  e.,  the  positive  pole 
of  the  battery  must  always  be  attached  to  the  same  binding  screw. 
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the  for.  mentale,  as  well  as  the  line  of  transition  from 
the  skin  to  the  mucous  membrane  of  the  nose  or  of  the 
mouth. 

Remak  *  has  found  that  as  a  law,  generally  holding  good, 
the  excitability  of  a  nerve  is  the  greater  the  nearer  the  irri- 
tated point  is  to  the  brain ;  and  he  has  further  shown  that 
the  rule  is,  not  only  for  each  single  nerve  in  its  course,  but 
also  for  thejierves  generally  of  the  body,  that  the  nerves  of 
the  lower  extremities  commonly  need  for  their  excitation  a 
more  intense  current  than  those  of  the  upper.  According  to 
this  author,  the  rule  appears  to  be,  in  regard  to  the  motory 
nerves,  that  their  excitability  is  not  only  greater  at  their 
central  than  at  their  peripheral  end,  but  that  it  decreases  as . 
we  recede  from  the  brain. 

As  regards  the  effect  of  electric  currents  on  the  nerves  of 
sense,  they  are  excited  both  by  the  constant  and  interrupted 
current,  yet  in  a  much  greater  degree  by  the  former.  This 
stronger  effect  of  the  constant  current  is  especially  remark- 
able by  the  irritation  of  the  sense  of  vision :  when  we  apply 
one  plate  of  the  galvanic  element  to  the  forehead,  and  the 
other  in  the  region  of  the  trigeminus,  a  clear  perception  of 
light  being  produced,  which  even  a  stronger  volta-electrical 
induction  current  is  hardly  able  to  create.  Of  the  induced 
currents  the  magneto-electrical,  which,  on  account  of  their 
less  frequent  interruption,  are  related  to  the  constant  cur- 
rents, work  more  powerfully  on  the  sensory  nerves  than  the 
volta-electrical.  If  we  place  a  zinc  plate  on  the  gums  of  the 
upper  molar  teeth  of  one  side  of  the  mouth,  and  a  silver  plate 
on  the  corresponding  spot  of  the  other  side,  a  sensation  of 
brightness  similar  to  lightning  is  produced,  which  is  much 
more  perceptible  when  the  current  is  led  directly  through 
the  eyes.  If  we  apply  an  intense  constant  current,  there 
follows  an  appearance  of  fire  and  flame,  and,  by  careless  use 
of  this,  even  injury  to  the  retina.  The  light  itself,  which  is 
perceived  when  the  constant  or  interrupted  current  is  used, 

J  L.  c,  p.  87. 
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is  colored,  and  Purkinje,*  as  well  as  Ruete,"  has  observed 
that  when  we  place  the  positive  pole  on  the  closed  eyelid, 
and  take  the  negative  in  the  hand,  there  appears  in  the 
region  of  the  macula  lutea  a  very  intense  bluish  light,  which, 
interrupted  by  dark-colored  circles,  fades  out  toward  the 
periphery.  If,  on  the  contrary,  we  reverse  the  poles,  a  red- 
dish-yellow light  appears,  which,  most  vivid  in  the  peripheiy 
of  the  field  of  vision,  vanishes  toward  the  centre.  When  the 
intensity  of  the  current  is  considerable,  the  whole  field  of 
vision  is  lighted  up  with  tolerable  uniformity.  The  inter- 
rupted current  produces,  moreover,  when  we  conduct  it  in  the 
transverse  or  vertical  direction  through  the  eyeball,  a  hori- 
zontal or  perpendicular  oval  distortion  of  the  pupil,  and  it 
increases  the  tears,  but  affects  the  retina,  like  the  continued 
current,  very  little. 

Brenner '  has  published  the  following  observations  in  re- 
gard to  the  effect  of  electricity  on  the  organ  of  hearing :  If 
the  cathode  is  placed  in  the  auditory  passage,  filled  with 
water,  and  the  anode  is  connected  with  any  other  part  of  the 
body,  there  arises,  when  the  circuit  is  closed,  a  strong  sensa- 
tion of  sound,  which  continues  during  the  flow  of  the  cur- 
rent, but  gradually  dies  away  when  tlie  circuit  is  opened. 
If  the  anode  be  placed  in  the  ear,  no  sound  is  heard  either  at 
the  moment  of  making  the  connection  or  during  the  con- 
tinuance of  the  current ;  yet,  when  the  circuit  is  broken,  a 
slight  sound  is  perceived.  These  reactions  Schwartze  *  and 
Lucae  have  not  been  able  fully  to  establish ;  on  the  contrary, 
the  latter  has  observed  that,  when  the  cathode  (zinc  pole)  is 
placed  in  the  ear,  and  the  anode  on  the  neck  or  hand,  a 
painful  drawing  sensation  is  perceived  in  the  ear  at  the  clos- 
ing and  during  the  flow  of  the  current,  which  immediately 

1  Rust's  Magazin  fur  die  gesammte  Heilkunde,  Band  xx.,  pp.  31-50. 

2  Lehrbuch  der  Ophthalmologie,  1845,  p.  YS. 

^  Zur  Electrophysiologie  und  Electropathologie  des  N.  acusticus.  Peters- 
burger  Med.  Zeitung,  1863. 

*  Ueber  die  sogenannte  Otiatrik  Brenner's.  Archiv  fiir  Ohrenheilkunde, 
Band  i. 
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ceases  with  the  opening  of  the  circuit.  On  the  contrary, 
when  the  anode  (copper  pole)  is  in  the  ear,  a  less  painful 
drawing  is  produced,  which  also  vanishes  when  the  current 
is  interrupted.  When  the  induction  current  is  used,  there 
is,  moreover,  observed  a  sensation  as  of  a  roaring  and  rush- 
ing wind,  which  is  produced  by  the  presence  of  water  in  the 
auditory  passage,  besides  a  tickling,  pricking  feeling  which 
by  means  of  a  very  intense  current  may  be  made  unen- 
durable. At  the  same  time  there  is  perceived,  probably  in 
consequence  of  the  irritation  of  the  chorda  tympani  which 
descends  from  the  cavity  of  the  drum  of  the  ear  against  the 
N.  lingualis  and  in  common  with  it  reaches  the  glandula 
salivalis  int.,  an  unpleasant  metallic  taste  on  the  middle  of 
the  corresponding  side  of  the  tongue ;  and,  as  Althaus  ^  has 
remarked,  there  is  an  increase  in  the  flow  of  saliva. 

"When  the  conductors  are  placed  in  the  nose,  according 
to  Hitter  who  made  the  painful  operation  with  a  Yoltaic 
pile  of  twenty  pairs,  there  arises  both  at  and  during  the 
closure  of  the  circuit  a  peculiar  smell,  sourish  with  the 
ascending  and  ammoniacal  with  the  descending  current.  I 
myself  perceived  an  increase  of  the  mucous  secretion,  as 
well  as  a  pricking,  stinging  sensation  in  the  nose,  the  latter 
predominating  when  the  zinc  pole  was  in  the  nose  and  the 
copper  pole  taken  in  the  hand.  If  the  negative  pole  were 
placed  in  the  nose  and  the  positive  applied  to  the  neck,  I 
perceived  at  the  same  time  an  alkaline  taste  on  the  tongue ; 
by  reversing  the  direction  of  the  current,  a  sour  taste,  which 
spread  out  from  the  root  of  the  tongue  to  its  end. 

If  we  place  a  zinc  plate  on  the  back  of  the  tongue  and 
a  silver  plate  under  the  same,  and  bring  their  free  ends  in 
contact,  we  perceive  a  stinging,  sourish  taste  on  the  upper 
surface  of  this  organ,  and  beneath  it  a  slightly  alkaline  one, 
or  none  at  all.  If  we  arm  the  end  of  the  tongue  with  zinc, 
and  its  back  with  silver,  the  sensation  of  taste  is  much  more 
intense  than  by  the  reverse   arrangement   of  the  metals." 

^  Die  Electricitat  in  der  Medicin,  Berlin,  1860,  p.  78.  ^  pf^flf; 
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The  sensation  of  taste  lasts  during  the  closure  of  the  circuit 
with  unabated  strength/ 

If  we  touch  with  the  electrodes  certain  points  of  the 
face,  and  especially  of  the  neck,  there  arises  a  decided  me- 
tallic taste,  which  appears  bitter  to  some,  to  others  sour  or 
styptic,  and  which  is  perceived,  not  only  on  the  tongue,  but 
also  on  the  gums  and  on  the  palate.  On  the  neck,  the  re- 
gion of  excitation  is  often  limited  to  the  iive  cervical  ver- 
tebrae, and  frequently,  especially  in  patients  suffering  from 
tabes  or  nervous  diseases,  it  extends  even  deeper.  The  zinc 
pole  produces  the  stronger  sensation  of  taste. 

B,  The  Injkience  of  the  Electric  Current  on  the  Br  am  cmd 
the  Spinal  Marrow. 

For  what  we  know  on  this  subject  we  are  mainly  in- 
debted to  the  investigations  of  Edward  Weber,'*  whom  we 
follow  here  in  a  great  measure.  If  we  allow  the  current  of 
a  rotary  apparatus  to  work  on  the  brain  of  a  frog,  various 
phenomena  appear,  according  to  the  region  irritated.  If  we 
thus  disturb  the  hemispheres  of  the  cerebrum  or  of  the  cere- 
bellum, not  only  on  their  surface,  but  within,  there  follows 
either  a  contraction  of  the  muscles  or  indications  of  pain. 
When  the  corpora  quadrigemina  are  irritated,  there  arise 
contractions  of  single  muscles,  which  have  more  the  appear- 

^  Schoenbein  (TJeber  einige  mittelbare  physiologische  Wirkungen  der  at- 
mospharisclien  Electricitat,  Henle  und  Pfeufer's  Zeitschrift,  1851,  Heft  iii.,  p. 
885,  et  seq.)  supposes  that  the  sour  taste  produced  on  the  tongue  by  the  gal- 
vanic current  is  not  caused  by  the  electricity  as  such,  but  by  the  nitric  acid 
which  is  formed  under  the  influence  of  electricity  from  the  nitrogen  and  oxygen 
of  the  air.  The  smell  produced  in  the  nose  by  the  electric  current  is  not  di- 
rectly the  result  of  this,  but  is  more  intimately  connected  with  the  ozone  which 
is  formed  by  the  action  of  this  force  on  oxygen.  Finally,  electricity  is  only  the 
indirect  cause  of  the  light  and  sound  phenomena,  for  these  manifestations  re- 
sult from  the  vibratory  movements  produced  in  the  particles  of  the  air  by  the 
electrical  discharges. 

2  Wagner's  Handworterbuch  der  Physiologic  mit  Riicksicht  auf  physiolo- 
gische Pathologie,  Braunschweig,  1846,  Theil  III.,  Abth.  2. 
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ance  of  clonic  than  of  tonic  spasms,  and,  probably  through 
an  appropriate  arrangement  in  the  choice  of  the  muscles,  re- 
semble the  reflex  actions. 

In  regard  to  the  effect  of  the  constant  current  on  the 
brain  of  the  living  animal,  Matteucci  ^  instituted  investiga- 
tions of  which  the  following  are  the  results  :  If  the  poles  of 
a  Voltaic  pile  of  sixty  pairs  of  plates  are  applied  to  the  hemi- 
spheres of  the  cerebrum  or  the  cerebellum,  the  animal  is  not 
disturbed;  if,  however,  the  corpora  quadrigemina  or  the 
crura  cerebri  are  brought  in  connection  with  the  electrodes, 
the  animal  cries  out,  and  at  the  same  time  all  the  muscles 
of  the  body  contract.  These  phenomena  last  several  sec- 
onds, but  disappear  with  the  interruption  of  the  current. 

If  we  allow  the  current  of  a  rotary  apparatus  to  work 
on  the  spinal  marrow,  by  bringing  the  upper  and  lower  ends 
of  the  same  in  connection  with  the  two  poles,  there  arises  a 
general  rigid  cramp  of  all  the  muscles  of  the  body  and  ex- 
tremities, since  all  their  nerves  spring  from  the  spinal  mar- 
row. In  this  respect  the  spinal  marrow  behaves  as  a  com- 
mon stem  of  all  the  nerves  of  motion.  In  two  other  points, 
however,  it  shows  itself  not  to  be  a  common  nerve-stem — 
points  which  are  enough  to  induce  us  to  yield  to  it  an  inde- 
pendent activity : 

1.  If  we  place  the  conducting  wires  in  connection  with 
a  deeper-lying  portion,  or  even  the  lower  end  of  the  spinal 
marrow,  all  the  muscles  of  the  body  and  extremities  are 
thrown  into  convulsions,  as  when  their  upper  end  is  irri- 
tated; if  the  spinal  marrow  were  only  a  common  nerve- 
stem,  then  only  those  muscles  should  be  seized  with  rigid 
cramps,  whose  nerves  pass  out  from  this  portion,  or  lie  so 
near  as  to  be  affected  by  the  current.  That  the  convulsion 
of  the  muscles  of  the  upper  extremities  in  this  case  arises 
directly  from  the  spinal  marrow,  and  not  from  the  effect  of 
the  current  on  the  roots  of  the  nerves  of  these  parts,  is 

^  Traits  des  Phenom^nes  electro-physiologiques  des  Animaux,  Paris,  1844, 
p.  242. 
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proved  by  tlie  fact  that,  when  we  make  a  section  through 
the  spinal  marrow,  and  bring  the  cut  surfaces  again  fully  in 
contact,  the  upper  parts  are  no  longer  thrown  into  con- 
vulsions. 

2.  The  electric  current  working  through  the  nerves  pro- 
duces a  rigid  spasm  which  immediately  disappears  when  the 
current  is  interrupted  ;  but,  when  acting  on  the  spinal  mar- 
row, it  shows  its  effect  even  for  a  considerable  time  after  the 
breaking  of  the  connection — in  frogs,  lively  and  vigorous 
for  one-half  or  even  one  minute ;  and  the  spasm  may  be 
reproduced  two  or  three  times,  becoming,  however,  shorter 
and  shorter.  When  the  medulla  oblongata  is  irritated  in 
the  same  way  as  the  spinal  marrow^  similar  general  convul- 
sions ensue. 

The  constant  current  behaves  differently  in  regard  to  the 
spinal  marrow,  producing  paralysis,  at  least  by  long  applica- 
tion. If  the  spinal  marrow  be  exposed  to  the  action  of  a 
powerful  constant  current,  convulsions  are  produced  in  the 
extremities  at  the  moment  of  closing  of  the  circuit ;  if  we 
allow  the  current  to  circulate  through  the  spinal  marrow 
for  a  long  time,  applied  to  whatever  points  that  are  conven- 
ient, a  paralysis  is  brought  about  to  such  an  extent,  that 
neither  chemical  nor  mechanical  irritants,  nor  induced  cur- 
rents, are  ablie  to  move  the  extremities ;  if  we  open  the  cir- 
cuit, the  spinal  marrow  responds  to  their  action.  As  to  the 
direction  of  the  currents,  Baierlacher  *  found,  when  experi- 
menting on  frogs,  that  both  directions  of  the  current  pro- 
duce paralysis  of  the  parts  affected ;  that,  however,  the 
ascending  possesses  this  peculiarly  in  a  higher  degree  than 
the  descending.  Moreover,  as  regards  the  deportment  tow- 
ard irritants  of  those  parts  of  the  spinal  marrow  whose  up- 
per and  lower  halves  are  in  contact  with  the  electrodes  of  a 
constant  current,  Baierlacher  has  found  that,  when  the  spinal 
marrow  is  acted  on  by  a  constant  galvanic  current,  the  ex- 
citability of  the  same  is  lessened  in  all  parts,  in  fact,  it  is 

^  Die  Inductions-Electricitat,  185Y,  p.  102,  etseq. 
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paralyzed,  which  effect  is  more  marked  with  the  ascending 
direction  of  the  current  than  with  the  descending;  that, 
however,  this  action  of  the  spinal  marrow  has  no  influence 
on  the  excitability  of  the  motory  nerves. 

Irritation  of  the  medulla  oblongata  exercises,  according 
to  the  investigations  of  Budge,^  a  decided  influence  on  the 
motions  of  the  heart,  for  they  become  slower,  and  the  heart 
itself  relaxes  and  spreads  out  —  observations  which  the 
brothers  Weber  have  confirmed. 

According  to  Budge  and  Waller,  the  pupil  of  the  eye  en- 
larges when  that  portion  of  the  spinal  marrow  is  acted  on  by 
electricity,  which  lies  between  the  seventh  cervical  and  the 
sixth  dorsal  vertebrae — they  give  to  this  part  the  name  cen- 
trum cilio-spinale,  because,  they  consider  it  the  central  organ 
for  the  cervical  portion  of  the  sympathetic,  which  has  the 
determining  of  the  influence  of  this  nerve  on  the  movements 
of  the  iris,  and  the  regulating  of  the  blood-vessels  of  the 
head.  If,  for  instance,  this  part  of  the  spinal  marrow  is 
irritated,  in  consequence  of  the  communication  with  the 
cervical  portion  of  the  sympathetic,  the  circular  fibres  of  the 
M.  dilatator  contract  and  prevent  the  working  of  the  M. 
constrictor  iridis,  and  there  follows  an  enlargement  of  the 
pupil.  If,  on  the  contrary,  the  sympathetic  is  cut  through, 
the  pupil  lessens  in  size,  in  consequence  of  the  paralysis  of 
the  circular  fibres  and  the  continuing  integrity  of  the  others. 

Budge"  has  also  found  a  similar  central  organ  for  the 
sympathetic  of  the  region  of  the  loins,  which  in  rabbits  lies 
in  that  part  of  the  spinal  marrow  which  corresponds  to  the 
fourth  lumbar  vertebra.  If  this  portion  of  the  spinal  mar- 
row is  electrically  irritated  there  arise  energetic  contractions 
of  the  ductus  deferentes,  of  the  urinary  bladder,  and  of  the 
lower  part  of  the  rectum.  These  movements,  however,  also 
follow  by  the  electrical  excitation  of  a  little  ganglion,  which 
lies  in  the  neighborhood  of  the  fifth  lumbar  vertebra,  and 

*  Archiv  von  Roser  und  Wunderlich,  1846,  Band  v. 
'  Virchow's  Archiv,  1859,  p.  115. 
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has  connection  with  the  third  and  fourth  lumbar  nerves. 
Budge  has  named  this  ganglion  genito-spinale.  If  the  sym- 
pathetic of  one  side  be  bisected,  the  electrical  irritation  of 
the  centrum  genito-spinale  produces  energetic  movements 
in  the  ductus  deferens  of  the  uninjured  side,  and  slight 
movements  in  that  of  the  injured  side,  in  consequence  of  the 
connecting  branches  which  exist  between  the  two  nerves. 


As  regards  the  possibility  of  galvanizing  the  brain  and 
spinal  marrow  through  their  bony  covering,  the  views  of 
authors  differ  greatly.  For  instance,  Ziemssen  ^  denies  the 
therapeutical  effects  of  available  currents.  S.  Rosenthal " 
believes  that  the  central  organs  of  the  nervous  system  are  as 
accessible  through  their  bony  coverings  as  the  other  organs 
lying  at  similar  depths.  "W.  Erb  has  established  the  correct- 
ness of  the  latter  view  by  the  following  experiment :  From 
the  top  of  the  skull  of  a  still  undissected  human  body  a 
piece  of  bone  of  about  2''  in  diameter  was  sawn  out,  the 
skin  and  periosteum  carefully  removed,  and  then  the  exposed 
edges  of  the  bone  were  allowed  to  dry  for  several  hours. 
Then  a  part  of  the  upper  surface  of  the  brain  was  removed, 
and  a  well-isolated  frog-preparation  was  brouglit  into  con- 
tact with  the  mass  of  this  organ  in  such  a  way  that  its  nerve 
touched  it  for  about  ^"'  of  its  length.  INow  the  electrodes 
of  the  constant  current  were  placed  on  the  upper  halves  of 
both  ears,  and  a  current  of  considerable  strength  was  con- 
ducted thi*ough.  Ten  Bunsen  elements  gave  by  reversing 
the  current  with  the  rheotrope,'  also  fourteen  elements,  with 
the  simple  making  and  breaking  of  the  circuit,  lively  con- 
tractions of  the  frog-preparation.  If  the  current  were  con- 
ducted from  the  chin  to  the  back  part  of  the  head,  it  needed 
to  be  considerably  increased  in  strength,  in  order  to  pro- 

1  X.  c,  p.  58.  ■       • 

'^  Electricitatslehre  fiir  Mediciner,  1862. 
'  Vide  section  v.,  Remak's  apparatus. 
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duce  contraction.  Induced  currents,  even  of  moderate 
strength,  used  in  the  same  way,  produced  evident  contrac- 
tions. 

In  regard  to  the  spinal  marrow,  Erb  came  to  similar 
results.  Direct  experiments  on  the  dead  body,  analogous 
to  those  made  on  the  brain,  gave  a  positive  result,  yet  this 
was  always  less  manifest,  because  Erb  could  only  operate  on 
dissected  bodies,  and  because  the  isolation  of  the  frog-prep- 
aration could  not  be  so  fully  effected  as  when  experiment- 
ing on  the  head.  ITevertheless  the  investigations  place  it 
beyond  doubt  that  the  conducting  of  the  galvanic  current 
into  the  spinal  marrow  is  possible.' 

C.    The  Influence  of  the  ElectriG  Current  on  the  Sym- 

jpathetic. 

Pourfour  du  Petit,  in  the  year  1727,  made  the  first 
experiments  on  the  function  of  the  INT.  sympathetic.  He 
found  that  after  the  cutting  through  of  the  cervical  portion  of 
the  sympathetic  there  followed  contraction  of  the  pupil,  flat- 
tening of  the  cornea,  redness  and  injection  of  the  conjunc- 
tiva of  the  eye,  etc. — after  electrical  irritation,  enlargement 
of  the  pupil  set  in.  Claude  Bernard  ^  observed,  besides  the 
above  appearances,  more  or  less  marked  contraction  of  the 
nostril  and  mouth  on  the  corresponding  side,  increase  of  the 
circulation  of  the  blood,  and  of  the  temperature  and  sensi- 
bility of  the  head.  When  Bernard  electrized  the  cranial  por- 
tion of  the  sympathetic,  after  the  bisection  of  the  nerve,  or 
after  the  destruction  of  the  ganglion  cervicale  supremum,  he 
found  that  all  these  phenomena  again  disappeared,  and  that 
there  was  even  a  preponderance  in  the  opposite  direction. 

*  Dr.  Erb  has  been  so  kind  as  to  furnish  me  with  a  resume  of  his  not  yet 
published  work,  "  On  the  Possibility  of  Galvanizing  the  Brain  and  Spinal  Mar- 
row," which  will  appear  in  one  of  the  coming  numbers  of  the  Deutschen  Ar- 
chiv's  fiir  Klinische  Medicin. 

2  Sur  I'influence  du  nerf  grand  sympathique  sur  la  chaleur  animale.  Comp- 
tes  rendus  du  29  Mai,  1852. 
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The  pupil  then  became  larger  than  that  of  the  other  side  ; 
the  eje,  which  was  sunken  in  its  socket,  became  prominent ; 
the  increased  temperature  ranked  below  its  usual  level,  and 
the  conjunctiva,  nostrils,  and  ears,  which  were  before  red- 
dened and  injected,  became  pale.  When  the  current  was 
interrupted,  all  the  appearances  again  set  in  which  we  have 
seen  were  the  result  of  the  bisection.  These  we  can  two  or 
three  times  cause  to  disappear  by  electrizing  the  cranial  por- 
tion of  the  sympathetic.  These  experiments  were  later  con- 
firmed by  "Waller,  Budge,  Schiff,  Brown-Sequard,  etc.  The 
phenomena  following  the  cutting  through  of  the  sympath- 
etic, in  connection  with  the  circulatory  system,  find  their  ex- 
planation in  the  yielding  of  the  tension,  as  CI.  Bernard  dis- 
covered, depending  on  the  N.  sympathetic,  of  the  arterial 
walls,  and  in  the  consequent  relaxation  of  their  muscular 
fibres.  Kemak  was  the  first  to  experiment  on  the  efiects  of 
the  sympathetic  on  the  voluntary  muscles.*  He  cut  through 
the  neck-portion  of  the  !N^.  sympathetic  of  a  cat,  and  im- 
mediately the  menibrana  nictitans  of  the  eye  of  the  same 
side  moved  forward  and  covered  one-half  of  this  organ  ;  soon 
the  pupil  contracted  as  well  as  the  cleft  of  the  eye  ;  in  short, 
the  upper  eyelid  descended  and  the  lower  lifted  itself  up  a 
little.  These  appearances  were  caused  by  the  relaxing  of 
the  levator  palpebr.  sup.  and  the  convulsive  constriction  of 
the  orbicularis.  If  an  induced  current  were  then  conducted 
through  the  peripheric  end  of  the  bisected  sympathetic,  the 
eye  opened,  i.  e.,  the  third  lid  moved  back,  and  the  cleft  of 
the  eye  and  the  pupil  enlarged.  When  the  current  was 
interrupted,  the  eyelids  slowly  returned  to  their  former  posi- 
tion and  the  pupil  again  contracted.  During  the  pause  a 
considerable  collection  of  tears  took  place,  which  was  prob- 
ably due  to  the  relaxing  of  the  vessel  walls  in  the  lachrymal 
gland. 

If  we  galvanize  the  ganglion  cervicale  infimum  of  the 
sympathetic,  the  beating  of  the  heart  is  accelerated;  the 

»  S.  Deutsche  Klinik,  Bd.  vii.,  1859,  p.  294. 
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same  thing  is  observed  when  the  sympathetic  nerve  of  the 
heart  is  electrized.  During  the  electrical  irritation  of  the 
vagi,  as  Weber  discovered  in  1846,  the  heart's  action  is 
lessened. 

PMger  discovered,  in  1856,  that  the  ISTn.  splanchnici 
have  a  similar  influence  on  intestinal  movements  as  the  ^Nn. 
vagi  on  the  action  of  the  heart.  He  found,  namely,  that, 
when  the  Kn.  splanchnici  which  spring  from  the  six  lower 
dorsal  ganglia  of  the  sympathetic  were  galvanized,  the 
peristaltic  motion  of  the  intestine  immediately  ceased. 
Hence  Pfliiger  inferred  that  a  certain  nerve-group  exists, 
which  has  the  function  of  causing  the  peristaltic  motions  to 
lessen  or  entirely  to  cease,  and  named  this  the  checking 
nerve  system. 


D,  The  Effect  of  the  Electric  Current  on  the  Organs  fur- 
nished with  Organic  Muscular  Fibres. 

The  most  of  the  experiments  belonging  here  were  made 
by  Ed.  Weber,'  not  through  the  action  of  the  electric  current 
on  the  ganglia  and  ganglion  nerves  themselves,  but  on  the 
organs  innerved  by  these.  All  the  organs  supplied  from  the 
sympathetic  are  furnished  with  organic  muscular  fibres,  and 
present,  under  the  influence  of  the  electric  current,  the  fol- 
lowing phenomena,  in  which  respects  they  differ  from  the 
animal  muscles  :  1.  The  movements  of  the  organic  muscles 
set  in  much  more  slowly  than  those  of  the  animal,  to  such 
an  extent,  that  the  electric  irritation  may  be  even  withdrawn 
before  the  contraction  is  evident.  The  degree  of  slowness 
with  which  the  movement  follows  is  in  the  various  organs 
different,  so  that  in  this  respect  there  is  a  gradual  approach 
to  the  voluntary  animal  muscles  from  the  ureters  and  gall- 
bladder, which  contract  the  slowest,  to  the  caecum,  the 
stomach,  the  iris,  the  urinary  bladder,  the  spermatic  ducts,. 


82  EXCITATION   OF   THE  DIGESTIVE  ORGANS. 

the  pregnant  uterus,  the  small  and  large  intestines,  the 
oesophagus,  and  the  heart.  2.  The  phenomena  excited  in 
these  muscles  last,  in  contradistinction  to  those  excited  in 
the  voluntary  muscles,  after  the  cessation  of  the  irritation 
for  some  time,  and  spread  from  the  muscular  fibres  in  which 
they  begin  to  others  lying  at  a  distance.  3.  The  movements 
which  the  simultaneously  or  successively  attacked  bundles 
of  the  organic  muscles  execute  ensue,  in  opposition  to  the 
animal  muscles  whose  fibres  contract  mechanically  as  soon 
as  they  are  disturbed,  in  complete  appropriateness  corre- 
sponding to  the  functions  of  the  respective  organs.  4.  While 
the  constant  electric  current  causes  the  animal  muscles  to 
contract  most  at  the  time  of  its  opening  and  closing,  the 
contraction  of  the  organic  muscles  lasts  also  during  the  clos- 
ure of  the  circuit. 

In  regard  to  the  individual  organs,  experiments  have 
furnished  the  following  results ; 


I.    DIGESTIVE   ORGANS. 

The  muscular  coat  of  the  entire  intestinal  canal  is  mark- 
edly affected  by  the  electric  current.  Aldini  observed  that, 
when  he  placed  a  zinc  plate  in  the  mouth  of  a  recently-killed 
ox,  and  a  silver  plate  in  its  rectum,  and  connected  them  with 
one  another  by  means  of  a  conducting  wire,  the  abdominal 
muscles  convulsively  contracted,  and  the  fseces  were  voided. 

In  regard  to  the  salivary  glands,  Ludwig  ^  found  that, 
when  the  N.  lingualis  and  auriculo-temporalis  trigemini,  the 
chorda  tympani  and  the  rami  parotidei  postici  of  the  N^.  fa- 
cialis were  irritated  by  currents  of  weakening  density,  a 
profuse  flow  of  saliva  followed.  If,  on  the  contrary,  the 
sympathetic  was  irritated,  the  secretion  of  saliva  was  brought 
to  a  stand-still. 

Irritation  of  the  oesophagus  of  man  produced  immediately 
strong  contraction  of  the  long  and  circular  fibres ;  by  con- 

^  Lehrbuch  der  Physiologie  des  Menschen,  1853,  Band  ii.,  p.  239. 
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tinned  action,  the  irritation  remained  not  confined  to  the 
part  in  contact  with  the  conductors,  but  spreaid  both  upward 
and  downward.  The  reason  of  this  deportment  is,  that  the 
oesophagus  of  man,  and  of  most  of  the  mammalia,  is  furnished 
with  striped  and  with  organic  muscular  fibres,  "so  that  bj 
long  irritation  a  combined  manifestation  of  both  factors 
takes  place ;  while,  by  way  of  comparison,  the  oesophagus 
of  birds,  which  consists  exclusively  of  smooth  muscular 
fibres,  when  electrically  irritated,  contracts  slowly  and  con- 
tinuously, and  that  of  rodents,  which  consists  of  striped 
muscular  fibres,  promptly  contracts,  and  expands  imme- 
diately again  on  the  opening  of  the  circuit. 

If  we  open  the  abdominal  cavity  of  a  recently-killed 
mammal — for  instance,  of  a  cat,  a  dog,  or  a  rabbit — and  lay 
the  entrails  between  two  metallic  plates  which  are  placed  in 
connection  with  the  conductors  of  a  rotary  apparatus,  there 
follow  peristaltic  movements  of  remarkable  activity;  the 
intestines  rise  and  sink,  and  their  movements  are  trans- 
mitted slowly  even  to  the  rectum.  The  movements  which 
are  produced  by  the  action  of  the  air  on  the  exposed  intes- 
tines are  much  weaker  and  cease  much  sooner  than  those 
which  we  here  notice.  By  means  of  a  momentary  action  of 
the  current  on  a  certain  part,  especially  on  the  jejunum, 
there  follows  a  shrinking,  which  progresses  slowly,  and  in- 
creases even  to  the  complete  closure  of  the  intestine,  and 
disappears  at  the  same  rate  of  progress.  The  rectum  is  the 
part  of  the  intestine  least  sensitive  to  the  electrical  irritation. 

The  stomach  also  reacts  powerfully  under  the  infiuence 
of  the  electrical  irritation ;  there  ensues,  in  consequence  of 
the  muscular  fibres  which  cross  it,  not  only  transverse  shrink- 
ing, but  also  shortening  of  its  length,  if  the  electrodes  are 
placed  in  the  corresponding  direction.  The  course  of  the 
movement  is  invariably  from  the  cardia  to  the  pylorus. 

If  we  allow  the  current  to  work  on  the  gallrbladder,  it 
contracts,  and  throws  out  a  part  of  the  gall  into  the  duode- 
num.    If  we  place  the  electrodes  very  near  to  one  another, 
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there  follows  a  constriction  of  tlie  gall-bladder,  whicli  may 
become  so  great  that  the  entire  organ  is  thereby  divided  into 
two  parts,  not  communicating  with  each  other. 

As  regards  the  spleen^  Dittrich,  Gerlach,  and  Hey  ^  have 
not  observed  contractions  through  electrical  irritation, 
either  in  the  covering  or  in  the  body  of  the  organ ;  while 
Wagner,"  Rayer,"  Harless,*  state  that  they  have  seen  them. 
Moreover,  CI.  Bernard  ^  has  published  the  following  convin- 
cing experiment :  He  exposed  the  spleen  of  a  dog,  measured 
its  dimensions,  and  placed  the  conductors  of  a  powerful 
rotary  apparatus  in  connection  with  its  upper  and  lower 
ends.  After  some  minutes  the  length  of  the  spleen  had 
shortened  two  or  three  centimetres.  The  same  experiment, 
several  times  tried,  gave  the  same  result.  When  he  allowed 
the  current  to  pass  in  the  transverse  direction  through  the 
spleen,  there  was  a  duninution  in  the  breadth  of  the  organ." 

n.     URINARY   AND   SEXUAL   ORGANS. 

The  ureters  are  little  sensitive  to  the  electrical  irritation, 
and  contract  only  slightly,  while,  on  the  contrary,  the  urinary 

^  Vide  Prager  Vierteljahrsschrift,  1851,  Band  viii.,  Heft  3,  p.  65 ;  Beobach- 
tungen  und  physiologische  Versuche  an  den  Leichen  von  zwei  Hingerichteten. 

'  Untersuchungen  iiber  die  Contractilitat  der  Milz  mittelst  des  electro-mag- 
netisehen  Rotations- Apparates.     Jena'sche  Annalen,  1849,  Heft  I. 

'  Experiences  sur  la  contractilit6  de  la  rate.  Journal  des  Connaissances 
M6dicales.     Fevrier,  1850.  , 

*  Electrische  Versuche  an  einem  Hingerischteten.  Augsburger  Allgem. 
Zeitung,  1850,  No.  172. 

"^  Gaz.  Med.  de  Paris,  1849,  p.  994. 

^  [In  his  Astley  Cooper  Prize  Essay  on  the  spleen,  Mr.  Gray  states 
that  he  has  never  been  able  to  produce  contractions  in  the  spleen  through 
electrical  irritation.  In  the  course  of  very  many  experiments  made  with  the 
object  of  determining  whether  the  organic  muscular  fibres  of  the  spleen  were 
contractible  by  the  electric  stimulus,  I  have  rarely  failed  to  obtain  affirmative 
results,  both  with  the  induced  and  constant  currents.  My  experiments  were 
performed  upon  the  exposed  spleens  of  living  dogs  and  cats.  The  organic 
muscular  fibres  of  the  fibrous  coat  of  the  fresh  spleen,  if  placed  upon  a  glass 
slide,  excited  by  the  constant  or  induced  current,  and  viewed  with  the  micro- 
scope, can  be  seen  to  contract  energetically. — W.  A.  H.] 


EXCITATION   OF  THE  IRIS.  85 

bladder  contracts  quickly  and  energetically,  and  forces  out 
its  contents.  The  vas  deferens  also  reacts  powerfully. 
Weber  found  that,  when  experimenting  on  the  uterus  of  a 
pregnant  bitch,  every  part  of  it  contracted  strongly  under  the 
influence  Of  the  uninterrupted  current,  and  that  the  contrac- 
tion always  was  limited  to  the  irritated  part,  and  did  not  ex- 
tend itself.  In  this  respect  the  uterus  resembles  the  animal 
muscles,  but  it  is  also  like  the  organic  in  that  the  contraction, 
after  the  withdrawal  of  the  irritation,  lasts  for  some  time. 
The  non-pregnant  uterus  shows  the  same  phenomena,  but 
in  a  less  degree.  Mackenzie  ^  found,  as  he  experimented  on 
the  exposed  uterus  of  a  pregnant  animal,  the  continued  cur- 
rent, conducted  from  the  upper  end  of  the  spinal  marrow 
through  the  uterus,  more  powerful  than  the  local  effect,  by 
the  direct  application  of  both  poles  to  the  parenchyma  of 
the  uterus.  He  found,  moreover,  that  the  electric  current, 
when  passed  through  the  length  of  the  uterus,  that  is,  from 
its  base  to  its  neck,  produced  stronger  contractions  than 
when  directed  transversely  through  this  organ,  for  then  it 
caused  only  partial  contractions  in  the  direction  of  the  cur- 
rent. That  also  the  pregnant  uterus  in  the  living  human 
species  may  be  caused  to  contract  powerfully  by  means  of 
the  electrical  irritation  has  been  proved  by  Honiger,  Benj. 
Franck,  and  others,**  through  the  use  of  the  current  for  bring- 
ing on  the  pains  and  expelling  the  contents. 

in.     THE   IRIS. 

The  iris  among  the  mammalia  consists  chiefly  of 
organic,  among  the  birds  of  animal  muscular  fibres — hence 
the  slow  dilatation  of  the  pupil  in  the  former,  continuing 
after  the  withdrawal  of  the  irritation,  and  the  quick  con- 
traction of  the  pupil  in  the  latter,  ceasing  immediately  on 
the  removal  of  the  electrical  excitement.  Dittrich,  Gerlach, 
and  Hey^  found,  by  placing  the  conductors  on  the  inner  and 

^  Lancet,  March  6,  1858.  «  8.^  section  ix. 
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outer  angles  of  the  eye,  after  the  subsiding  of  the  contraction 
of  the  M.  orbicularis  palpebrarum  which  at  first  sets  in,  that 
the  pupil  assumed  a  horizontal  oval  form ;  and  where  the 
poles  were  brought  in  contact  with  the  upper  and  lower 
borders  of  the  orbit,  the  pupil  took  on  a  vertical  oval  form. 
We  may  produce,  moreover,  through  the  irritation  of  the 
iris,  either  a  contraction  or  a  dilatation  of  the  pupil,  accord- 
ing as  we  allow  the  current  to  work  on  the  M.  dilatator  or 
constrictor.  In  order  to  produce  a  contraction,  it  is  sufficient 
to  place  one  conductor  on  the  cornea,  and  the  other  on  any 
part  of  the  face.  If  we  place,  on  the  contrary,  the  poles  of 
an  induction  apparatus  or  of  a  simple  galvanic  pair  of  plates 
outward  from  the  pupil,  the  fibres  of  the  M.  dilatator  pupillse 
running  in  the  radial  direction  become  excited,  and  the  pupil 
consequently  enlarged. 

IV.      THE   HEART. 

The  hearty  though  resembling,  in  the  size  and  striation 
of  its  fibrillae,  the  animal  muscles,  with  which  it  also 
in  common  possesses  the  energy  and  rapidity  of  contrac- 
tion, behaves  in  other  respects  as  the  organic  muscles. 
When  Ed.  Weber  allowed  the  current  of  a  rotary  apparatus 
to  work  on  the  heart  of  a  frog,  pulsating  vigorously,  by  pla- 
cing the  ventricle  in  connection  with  the  conducting  wires, 
the  irritated  portion  little  by  little  contracted,  till  it  took  no 
part  in  the  rhythmical  heart-movement ;  the  contraction 
lasted  for  some  time  after  the  withdrawal  of  the  electrical 
irritation  :  when  he,  on  the  contrary,  allowed  the  current  to 
play  on  the  hulhus  aortcB,  the  pulsations  of  the  entire  heart 
became  more  active  and  stronger ;  finally,  when  he  disturbed 
the  pulsating  portion  of  the  vena  cava,  the  heart  after  a  few 
seconds  stood  completely  still,  and  began  again  to  pulsate 
some  time  after  the  removal  of  the  irritation,  and  then  in  a 
slower  rhythm.  Dittrich,  Gerlach,  and  Hey  ^  placed  one 
pole  on  the  auricle,  and  the  other  on  the  ventricle  of  the 
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right  side  of  the  heart  of  a  man  hung  half  an  hour  previous : 
rhythmical  contractions  of  the  heart  set  in— by  irritating 
the  left  side  of  the  heart  these  were  less  marked.  The  rea- 
son of  this  peculiar  phenomena  of  the  heart  is  that  it  is  pro- 
vided for  by  the  sympathetic  and  the  vagi ;  through  the 
irritation  of  the  sympathetic  the  heart's  action  is  increased, 
while,  by  the  electrizing  of  both  vagi,  the  pulsations  slowly 
decrease.  CI.  Bernard  has  also  made  the  following  experi- 
ments on  this  organ :  When  he  galvanized  the  upper  ends 
of  the  ISTn.  vagi,  not  the  least  effect  was  produced  on  the 
heart's  action ;  with  a  weak  current  the  respiratory  move- 
ments continued,  but  with  a  strong  one  these  ceased,  the 
blood  in  the  carotids  was  blackened,  the  mucous  membrane 
of  the  mouth  became  injected,  the  tongue  assumed  a  brown- 
ish-black color,  and  there  was  the  condition  of  asphyxia, 
in  which,  however,  the  arteries  unhindered  continued  to 
pulsate.  When  Bernard  interrupted  the  current  the  respi- 
ratory movements  began  again,  and  with  a  rapidity  even 
greater  than  before  the  galvanizing.  Moreover,  there  has 
been  found,  after  electrizing  the  vagi,  sugar  in  the  blood,  in 
the  cerebro-spinal  fluid,  and  in  the  bile :  the  urinary  secre- 
tion seems  to  stand  still,  and  it  is  observed  that  the  saliva  is 
increased  in  quantity.  Galvanizing,  on  the  contrary,  the 
lower  ends  of  the  vagi,  the  respiratory  movements  continued, 
while  the  pulsations  of  the  heart  and  arteries  ceased.  In 
most  cases  vomiting  followed.  If  we,  after  the  death  of  an 
animal,  and  the  heart  no  longer  beats,  conduct  an  induced 
current  unto  this  organ,  rhythmical  contractions  appear 
again.  The  contractions  are  much  more  manifest  in  the 
right  portion  of  the  heart  than  in  the  left,  as  generally  after 
death  the  left  ventricle  is  firmly  contracted,  and  does  not 
react  to  the  electrical  irritation,  while  the  right  ventricle  in 
this  condition  is  almost  always  filled  with  blood,  and  con- 
^  tracts  powerfully  under  the  influence  of  the  electrical  cur- 
B  rent.  In  animals  which  have  been  killed  by  chloroform, 
B    the  left  ventricle  sometimes  continues   to  pulsate,  though 
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faintly,  after  the  action  of  tlie  right  ventricle  has  ceased,  in 
consequence  of  excessive  expansion,  by  means  of  the  black 
blood ;  if  we  in  such  a  case  electrize  the  right  ventricle,  its 
pulsations  begin  again  and  the  expansion  lessens.  Perhaps 
we  might,  as  a  last  means,  in  case  of  chloroform-poisoning, 
try  to  excite  the  right  portion  of  the  heart  with  a  weak 
induced  current. 

E.  The  Effect  of  the  EUctriG  Current  on  the  Blood-vessels 
a/Thd  I/ymphatics, 

"Weber's  experiments*  g3,ve,  by  using  the  interrupted 
current,  the  following  results :  the  mesenteric  arteries  con- 
tracted to  about  one-half  or  one-third  their  usual  size ;  by 
longer  working  of  the  interrupted  current,  even  to  one-fifth 
or  one-sixth,  so  that  the  circulation  of  the  blood  was  stopped. 
With  a  weaker  irritation  the  effect  quickly  disappeared, 
with  a  too  strong  current  the  arteries  lost  their  contractile 
power  and  expanded  into  aneurismal  sacs.  Kolliker '  placed 
one  pole  on  the  umbilical  artery  and  vein  of  a  fresh  human 
placenta  :  there  followed  contractions,  as  in  the  case  of  the 
vessels  of  recently-amputated  limbs ;  the  veins  forced  out 
their  blood  and  changed  into  bloodless  strings,  also  the 
arteries  and  lymph-vessels  showed  contraction.  The  irri- 
tability of  the  veins  lasted  for  one  hour  and  fifteen  minutes, 
that  of  the  arteries  for  one  hour  and  ten  minutes,  and  that 
of  the  lymph-vessels  for  one  hour  and  twelve  minutes.  In 
living  subjects  an  enlargement  of  the  vessels  immediately 
follows  their  contraction  when  a  tolerably  strong  interrupted 
current  is  used.  So  we  often  see  by  electrical  irritation  of 
the  skin,  using  moist  conductors,  first  anaemia  through 
spasmodic  contraction,  then  hyperaemia  through  paralytic 

^  Ed.  und  E.  H.  Weber,  Wirkung  des  Magnet-electr.  Stromes  auf  die  Blut- 
gefasse  in  Muller's  Archiv,  184Y,  Heft  2  und  3. 

2  Prager  Vierteljahrschrift,  1849,  Band  vi.,  Heft  i. :  Zur  Lehre  von  der 
Contractilitat  der  menschlichen  Blut-  und  Lymphgefasse. 
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affection  of  the  vessels ;  while  under  very  intense  irritation 
apparent  hyperaemia  sets  in  immediately,  and  lasts  often 
long  after  the  end  of  the  operation.  Eemak,  experimenting 
on  a  living  frog,  observed  the  same  phenomena.  One  leg 
he  electrized  by  means  of  a  current  from  ^ve  or  eight  Dan- 
iell's  elements  by  placing  one  conductor  immovably  on  a  cer- 
tain part  while  he  moved  the  other  slowly  up  and  down  the 
limb ;  the  other  leg  he  threw  into  a  rigid  spasm  by  means 
of  an  interrupted  curreAt :  after  two  minutes  the  vessels  of 
the  skin  and  muscles  of  the  first  were  swollen  with  blood, 
while  those  of  the  other  leg  were  pale  and  contracted. 

i^.  On  the  Effect  of  the  Electrical  Current  on  the  Blood. 

W.  Brande  was  the  first  to  institute  experiments  in  re- 
gard to  the  effect  of  the  galvanic  current  on  albumen,  and 
came  to  the  result  ^  ttat  it  coagulates  on  the  negative  pole, 
and  under  certain  circumstances  on  the  positive.  Gmelin, 
who  experimented  with  a  weaker  current,  saw  the  albumen 
always  deposited  at  the  positive  pole.  Golding  Bird  finally 
came  to  the  result,  that  albumen  is  precipitated  from  alka- 
line solutions  at  the  positive  pole,  from  acid  at  the  negative, 
and  consequently  belongs  to  those  bodies  which  sometimes 
appear  as  acids  and  at  others  as  alkalies.  Yon  Wittich  ^  con- 
firmed the  observations  of  Golding  Bird,  and  recognized,  as 
did  he,  that  albumen  separates  from  its  alkaline  solution 
very  quickly,  and  in  the  form  of  a  membrane,  while  from 
its  acid  solution  it  is  precipitated  much  more  slowly  and  as 
a  diffuse  cloudiness  in  the  neighborhood  of  the  electrodes. 
Albumen  may  be  precipitated  by  means  of  the  galvanic  cur- 
rent also  from  solutions  in  which  its  presence  cannot  be 
made  evident  either  through  boiling  or  by  the  addition  of 
nitric  acid.     The  presence  at  the  same  time  of  various  salts 

^  Proceedings  of  the  Royal  Society,  1809.     Gilbert's  Annals,  Ixiv.,  p.  348. 
*  Ueber  den  Einfluss  des  galvanischen  Stromes  auf  Eiweisslosungen  und 
EiweissdiflFusion  im  Journal  fiir  praktische  Chemie,  Ixxiii.,  p.  18,  185Y. 
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modifies  tlie  influence  of  tlie  electric  current  on  ttie  albumen 
solution.  "When  the  sulphate  of  soda  or  potassa,  nitrate  of 
potassa,  phosphate  of  soda,  or  chloride  of  sodium,  are  pres- 
ent, the  precipitation  takes  place  on  the  positive  pole ;  when 
the  carbonate  or  bicarbonate  of  any  of  the  alkalies,  or  a  free 
alkali  is  present,  the  precipitation  is  prevented,  or  much  de- 
layed. The  serum  of  the  blood  behaves  much  in  the  same 
way  as  the  albumen  solution.  Heidenreich  has  found  that,* 
when  we  expose  fresh  arterial  or  venous  blood  to  the  action 
of  a  continuous  curi'ent,  the  coagulation  of  the  same  is 
thereby  hastened,  decomposition  taking  place  in  such  a  way, 
that  albumen,  fibrin,  fat,  acids,  chlorine,  etc.,  separate  at  the 
positive  pole,  while  the  watery  and  alcoholic  extracts,  the 
alkaline  and  earthy  bases,  iron,  and  coloring  matter,  appear 
at  the  negative  pole.  If  we  allow  the  constant  current  to 
act  on  the  blood  in  the  vessels,  there  is  produced  a  plug 
which  adheres  to  the  walls  of  the  vessel  and  stops  the  circu- 
lation. The  clot  becomes  firm  in  from  ten  to  thirty  min- 
utes, and  is  then  sufficient  to  close  the  vessel.  The  clot  in 
the  veins  behaves  as  in  the  arteries,  though  it  is  less  con- 
sistent and  darker  colored.' 

G.  The  Effect  of  the  Electric  Current  on  the  Skin. 

A  moderately-strong  interrupted  current  working  by 
means  of  moist  conductors  on  any  part  of  the  skin  produces 
generally  paleness,  which,  soon  after  the  removal  of  the 
electrodes,  is  followed  by  redness  and  hyperaemia.  Through 
the  action  of  a  strong  interrupted  current,  there  arise  ery- 
thema, swelling,  vesicles,  and  even  ulcers,  according  to  the 
degree  of  sensitiveness  of  the  skin,  the  duration  of  the  ap- 

^  Heidenreich,  phys.-ehem.  Untersuchungen  des  Bluts  durch  die  electrische 
Saule,  in  der  Neuen  Medicinischen  Zeitung,  1847,  No,  31. 

2  Asson,  Rapporto  della  Comissione  che  a  fatto  gli  sperimenti  sulP  electro- 
puntura  come  mezzo  congelante  la  sangue  nelle  arterie  e  sull'  obliterazione 
delle  vase.  Annal.  Univers.,  Jan.,  1847,  p.  219.  Gaz.  des  Hopitaux,  1847, 
No.  48. 
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plication,  the  strength  of  the  current,  the  rapidity  of  the 
interruptions,  and  the  peculiarity  of  the  conductors.  The 
contractible  fibre-cells  of  the  skin  are  simultaneously  ex- 
cited, and  there  is  produced  thereby  the  so-called  goose-flesh 
(cutis  anserina).  That  the  elevation  of  the  skin-papillae  is 
not  the  result  of  reflex  action,  but  of  the  direct  working  of 
the  electrical  current,  Kolliker*  has  shown  by  producing 
the  cutis  anserina  in  a  piece  of  skin  cut  from  the  leg  of  a 
criminal  but  a  short  time  previously  executed.  The  con- 
tractions of  the  fibre-cells  are  seen  best  when  we  allow  the 
current  to  work  on  the  tunica  dartos  and  the  nipple ;  the 
first  forms  deep  and  numerous  folds,  and  makes  wormlike, 
undulatory  movements,  and  the  nipple  rises  and  remains 
erect  for  some  time  after  the  action  of  the  current. 

Through  the  continued  working  for  several  minutes  of 
the  constant  current  on  the  outer  skin,  there  is  produced, 
besides  the  sense  of  burning  at  the  negative  pole,  a  visible 
difference  between  the  positive  and  negative  poles.  The 
positive  pole  enlarges  the  blood-vessels  and  reddens  the  skin, 
the  negative  pole  has  the  opposite  effect ;  the  first  causes  a 
depression  of  the  skin,  the  last  a  swelling  of  the  epidermis 
and  cutis.  It  brings  about,  moreover,  according  to  its 
strength,  the  duration  of  its  application,  etc.,  a  chemical 
process  resulting  in  simple  erythema,  or  even  deeply-pene- 
trating destruction  of  the  part.  A  simple  pair  of  connected 
plates  (zinc  and  silver),  of  the  size  of  a  dollar,  causes  on  a 
moist  skin,  after  twenty-four  hours,  a  considerable  redden- 
ing, and,  after  a  lapse  of  from  two  to  ^ve  days,  blisters  and 
pustules.  If  the  skin  is  deprived  of  the  epidermis,  there 
sets  in  immediately  a  powerful  burning  pain,  a  profuse 
secretion  of  serum,  and,  after  long  action,  an  ulcerated  sur- 
face covered  with  a  crust.  The  most  striking  effect  shows 
itself  always  at  the  zinc  pole ;  for,  through  the  action  of  the 
current,  the  salt-holding  fluid  which  exudes  from  the  surface 

^  Ueber  die  Contraction  der  Lederhaut  des  Menschen  und  der  Thiere,  Zeit- 
schrift  fur  wiasenschaftl.  Zoologie,  Band  ii. 
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of  the  skin  is  decomposed,  sodium  is  set  free  at  the  silver 
pole,  and  chlorine  at  the  zinc  pole,  and  in  this  way  chloride 
(tf  zinc  is  formed,  which  is  in  the  highest  degree  destructive. 
The  sodium  set  free  at  the  silver  plate  is  soon  converted 
into  soda  by  oxidation. 

The  interrupted  current  produces  a  disagreeable  prick- 
ing and  piercing  sensation  on  the  mucous  membrane,  when 
the  conductors  are  held  lightly  on ;  when  they  are  applied 
tightly,  there  follows  an  increase  of  the  mucous  secretion, 
probably  in  consequence  of  the  effect  on  the  contractile 
fibres ;  the  constant  current  is  able  to  cause  destruction  of 
the  mucous  membrane  by  intense  action. 

H,  The  Effect  of  the  Electric  Current  on  the  Bones. 

If  we  allow  the  interrupted  current  to  work  on  a  bone 
which  lies  immediately  under  the  skin  previously  moistened, 
there  sets  in,  in  consequence  of  the  irritation  of  the  sensory 
nerves  of  the  periosteum,  a  rooting,  boring  pain,  resem- 
bling osteoscopic  pains.  Yet  all  the  bones  are  not  equally 
sensitive  to  the  electrical  irritation — a  deportment  which 
probably  has  its  foundation  in  the  greater  or  less  abundance 
of  nerves  of  the  periosteum,  of  the  ligaments,  etc.  The 
most  sensitive  are  the  frontal  bone,  the  collar-bone,  and  the 
inner  surface  of  the  shin-bone ;  much  less  sensitive  are  the 
outer  and  inner  condyles  of  the  lower  leg,  the  breast-bone, 
and  the  knee-pan. 

I.  Accessory  Effects  of  the  Current. 

We  will  not  speak  of  the  effects  which  the  application 
of  the  electrical  stimulus  produces  on  the  human  mind, 
which  are  more  of  a  psychological  nature,  and  manifest 
themselves  sometimes  as  a  sensation  of  warmth,  sometimes 
as  a  sensation  of  pressure,  and  sometimes  result  in  faint- 
ing.     There  remain   still   a  multitude   of  effects,   which, 
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with  a  greater  or  less  number  of  individuals,  set  in,  and 
must  be  considered  as  immediate  consequences  of  the  opera- 
tion. Here  belong:  the  after-effects,  which  often  appear 
several  hours  subsequent  to  the  operation  in  the  part 
affected,  and  are  clearly  the  results  of  being  electrized. 
Quite  generally  there  is  an  inclination  to  sleep,  which  comes 
on  sooner  or  later  after  the  sitting,  so  that  often  those  who 
suffer  from  sleeplessness  are  freed  from  this  misfortune  on 
the  application  of  electricity.  Frequently  the  menses  set  in 
earlier  and  more  fully,  probably  in  consequence  of  the  in- 
crease of  the  flow  of  blood  to  the  irritated  part,  or  of  the 
general  irritation,  especially  by  electrizing  the  legs ;  from 
the  same  cause,  but  not  so  often,  haemorrhoidal  bleedings 
start  anew.  Finally,  we  must  mention  the  quieting  effect 
of  a  weak  current  directed  to  a  painful  part  of  the  body, 
which  is  produced  often  in  a  short  time,  and  is  frequently 
lasting.  We  not  seldom  see  neuralgic  pains  which  have 
withstood  the  action  of  various  medicines,  or  pains  in  con- 
sequence of  exudation  into  the  joint  of  the  knee,  the  elbow, 
the  hand,  the  finger,  etc.,  fully  disappear  on  the  application 
of  a  weak  current  directed  for  a  short  time  through  the 
affected  part,  while  the  effect  on  the  exudation  itself, 
judging  from  the  amount  of  its  diminution,  is  exceedingly 
slight.' 

1  In  this  connection  we  should  mention  the  so-called  "  electrical  anaesthesia  " 
resulting  from  the  use  of  electric  currents  in  connection  with  certain  minor 
surgical  operations.  Dr.  Rottenstein,  of  Frankfort-on-the-Main,  and  Suersen, 
dentist,  of  Berlin,  were  the  first  to  make  successful  experiments  after  the  direc- 
tions of  Francis,  of  Philadelphia  (Med.  Central-Zeitung,  Nos.  '72-74,  1858),  and 
"  to  extract  teeth  without  pain  by  means  of  a  weak  induction  current.''  The 
patient  held  one  electrode,  armed  with  a  moist  sponge,  in  the  hand,  and  the 
other  was  secured  on  the  tongue  which  the  operator  held  in  his  hand  covered 
with  a  silk  glove.  The  College  of  Dentistry  in  London,  under  the  presidency 
of  Mathews,  as  well  as  other  dentists,  have  not  recognized  electricity  as  an 
anaesthetic.  On  the  other  hand,  Fonssagrives  (Gaz.  dcs  Hopitaux,  148,  1856), 
Dr.  Emil  Friedrich,  and  Dr.  Max  Knorr  in  Munich  (Baier.  arztliches  Intelligenz- 
Blatt,  41,  1858),  have  used  electricity  with  success  in  other  light  surgical 
operations  :  the  first,  in  cutting  into  a  felon,  and  in  opening  syphilitic  buboes ; 
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Tlirough  the  action  of  the  constant  current  certain  other 
accessory  eifects  are  noticeable,  which  especially  relate  to 
the  nerves  of  sense  and  the  brain.  Some  men  perceive  a 
metallic  taste  when  a  strong  current  is  conducted  through 
one  arm  or  one  leg ;  also,  with  some,  there  follows  a  sensa- 
tion of  light  on  electrizing  the  neck  and  back.  Patients 
suffering  from  tabes  and  atrophy  sometimes  perceive  the 
metallic  taste  when  we  conduct  a  current  through  the  pel- 
vis; even  irritation  of  the  upper  thoracic  vertebra  by  a 
strong  current  is  sufficient  in  such  individuals  to  produce  a 
flash  of  light  in  their  eyes.  In  feeble  persons,  sometimes 
constant  currents,  from  twenty  to  thirty  elements,  striking 
the  roots  of  the  N.  vagus,  produce  slowness  of  the  pulse 
lasting  for  several  seconds  or  minutes,  combined  with  faint- 
ing and  paleness  of  the  face.*  Finally,  there  arise  often, 
when  the  currents  are  directed  for  a  long  time  through  the 
upper  portion  of  the  body,  dizziness,  numbness  of  the  head, 
illusions  of  the  senses,  and  other  disturbances  of  the  faculties 
of  the  brain. 

CX)NCLUSI0NS. 

1.  The  interrupted  current  is  applicable  in  those  cases  in 
which  we  wish — 

a)  To  excite  the  muscles,  the  nerves  of  sense,  the 
sensory  or  the  motory  nerves. 

h)  To  produce  contractions  of  the  blood  or  lymphatic 
vessels. 

c)  Or  to  affect  certain  organs  supplied  from  the  sym- 
pathetic. 

the  last,  in  cutting  through  the  skin,  and  in  tenotomy.  Finally,  Richardson 
(Med.  Times  and  Gaz.,  Feb.  12,  April  23,  1859)  has  presented  an  experiment, 
under  the  name  " Volta-narcotismus,"  of  the  following  nature:  he  held  the 
electrodes,  saturated  with  a  narcotic  fluid  (aconite  or  chloroform),  for  a  long  time 
on  a  part  in  which  he  wished  to  produce  anaesthesia.  Surely,  he  would  have 
reached  the  same  result  by  the  use  of  the  narcotics  alone.  In  any  case,  the 
anaesthetic  action  has  a  very  slight  therapeutic  worth. 
'  Remak,  I.  c,  p.  ISY. 
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2.  The  muscular  contraction  produced  through  Faradi- 
zation increases  the  temperature  of  the  disturbed  muscle, 
and  is  accompanied  with  an  increase  in  the  volume  of  the 
same. 

3.  Through  the  electrical  irritation  itself  there  is  induced 
an  increase  of  sensibility,  when  the  in*itations  follow  one 
another  with  tolerable  quickness,  and  when  they  do  not 
exceed  a  certain  duration  and  intensity;  under  opposite 
influences  there  is  soon  a  marked  decrease  in  sensibility. 
Hence  we  should  only  use  currents  of  such  a  strength  as  are 
sufficient  to  produce  the  desired  result.  To  cause  contraction 
in  case  of  muscular  paralysis,  or  sensation  where  there  is 
lack  of  sensibihty  in  the  skin,  we  should  not  allow  the  cur- 
rents to  work  too  long  without  a  proper  number  of  pauses. 

4.  If  we  wish  to  relax  a  tense  muscle  or  to  loosen  a 
peripheric  contractor,  repeated  intermissions  of  a  strong  bat- 
tery current,  or  single  shocks  from  a  strong  induction  current 
are  indicated,  and  are  generally  more  powerful  than  the  con- 
stant current. 

5.  The  use  of  the  constant  current  is  indicated  in  those 
cases  in  which  we  wish — 

a)  To  excite  the  nerves  of  sense  or  the  skin  nerves. 
h)  To  destroy  the  outer  skin  or  mucous  membrane. 

c)  To  produce  an  increase  of  warmth. 

d)  Or  to  induce  a  chemical  process,  and  also  blood- 
coagulation. 

6.  While  generally  the  density  fluctuation  of  the  inter- 
rupted current  produces  the  most  powerful  exciting  means 
for  the  motory  nerves  and  muscles,  there  are  certain  pe- 
ripheric paralyses  in  which  the  constant  current,  probably  in 
consequence  of  its  uninterrupted  duration,  produces  eifects 
which  cannot  be  brought  about  by  the  induced  current. 

7.  The  sensitiveness  of  a  muscle  to  the  interrupted  cur- 
rent can  in  many  cases,  through  the  application  of  a  toler- 
ably strong  constant  current,  be  increased. 

8.  In  galvanizing  a  nerve  it  is  advisable  often  to  change 
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the  direction  of  tlie  current,  because  the  conductivity  of  a 
current,  flowing  long  in  the  same  direction,  decreases,  while 
with  a  change  in  the  direction  it  increases. 

9.  The  extrapolar  descending  anelectrotonus  is  above  all 
to  be  used  when  we  wish  to  bring  back  to  the  normal  con- 
dition a  pathologically  increased  excitability,  or  abnormal 
irritation  at  the  periphery  of  a  nerve.  The  intensity  of  the 
desired  effect  is  as  the  strength  of  the  current,  the  length  of 
the  time  of  closure  of  the  circuit,  the  greatness  of  the  inter- 
polar  tract,  and,  finally,  the  shortness  of  the  distance  between 
the  anode  and  the  affected  organ. 

10.  The  extrapolar  descending  catelectrotonus  is,  on  the 
contrary,  to  be  used  where  we  wish  again  to  excite  the 
sunken  excitability  or  lessened  sensation  at  the  periphery  of 
the  nerve  of  the  respective  muscle. 

11.  From  the  same  points  of  view  the  indications  for  the 
local  production  of  extrapolar  ascending  anelectrotonus  and 
catelectrotonus  are  to  be  sketched  out,  and  consequently 
there  come  into  consideration  the  extrapolar  ascending  ane- 
lectrotonus with  increased,  and  the  ascending  catelectrotonus 
with  decreased  irritability,  as  applicable  respectively  to  the 
cerebro-spinal  shoots  and  the  central  sources  of  the  nerve 
fibres. 

12.  There  is  no  doubt  that  we  can,  by  means  of  a  con- 
stant current,  even  of  tolerable  strength,  affect  through  their 
bony  coverings  the  brain  and  spinal  marrow. 


FIFTH   SECTION. 

ON    THE    VARIOUS    KINDS   OF   APPARATUS   CONSTRUCTED   ESPE- 
CIALLY  FOR  THERAPEUTICAL  PURPOSES. 

I.     GALVANIC  APPARATrS. 

Among  the  many  apparatuses  which  have  been  con- 
structed for  the  purpose  of  exciting  galvanic  electricity  for 
special  therapeutic  uses,  and  which  have  been  described  and 
praised  according  to  their  different  forms,  as  chain,  curved, 
and  binding  apparatus,  we  find  some  which  have  no  appre- 
ciable physical  effect — as  the  Goldberger  chain ;  others  whose 
working  is  rendered  much  simpler  by  means  of  movable 
zinc  and  copper  plates  combined  with  one  another,  which 
may  be  laid  on  any  portion  of  the  body — as  Romershausen's 
galvano-electrical  curve,  Recamier's  cataplasme  galvanique^ 
Kunzeman's  apparatus,  etc.  All  these  we  will  pass  by  in 
silence,  and  notice  only  Pulvermacher's  chain,  which  pro- 
duces a  much  more  marked  physical  and  chemical  effect.  This 
consists  of  a  smaller  or  greater  number  of  movable  members 
combined  with  one  another,  each  one  of  which  consists  of  a 
small  wooden  cylinder,  around  which  there  are  laid,  yet  with- 
out touching  each  other,  a  zinc  wire  and  a  gilded  copper  wire 
having  a  spiral  form.  The  individual  members  are  connected 
with  one  another  by  means  of  small  metallic  rings  which  take 
up  the  zinc  wire  of  one  member  and  the  copper  wire  of  the 
next  following.  Each  time  before  using  it,  the  series  is  placed 
in  vinegar,  by  means  of  which  a  tolerably  strong  electrical 
1 


98 


•    GALVANIC  APPARATUS. 


current  is  produced,  lasting  for  about  half  an  hour.  .  To  in- 
crease the  quantity  of  the  electrical  current,  a  series  composed 
of  larger  members  must  be  used  ;  but,  to  increase  the  inten- 
sity^ the  number  of  members  must  be  increased.  This  ap- 
paratus deflects  quite  perceptibly  the  galvanometer  needle, 
decomposes  water,  and  causes  reddening,  swelling,  and  blis- 
tering of  the  skin,  and,  in  short,  brings  about  chemical  and 
physical  acts.^ 

'  [In  the  New  York  Medical  Journal  for  November,  1865,  I  described 
a  form  of  galvanic  battery  similar,  in  general  features,  to  those  referred  to 
in  the  text,  but  possessed  of  many  advantages.     I  referred  to  it  in  connec- 

Fio.  2. 


tion  with  the  report  of  several  cases  of  infantile  paralysis,  for  the  treatment 
of  which  I  had  devised  the  apparatus  in  question.     In  the  Quarterly  Journal 
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But  the  working  of  all  these  apparatuses  is  entirely  on 
the  skin,  and  not  on  the  deeper-lying  tissues ;  it  is  accom- 
panied with  a  chemical  act — the  oxidation  of  a  metal,  in  fact, 
depends  on  this — and  consequently  comes  to  an  end  when 
complete  oxidation  has  taken  place.  Nevertheless,  such 
apparatuses  are  useful  in  certain  cases,  where  we  wish  to 
awaken  or  diminish  the  sensibility  of  the  skin,  and  many 
interesting  cures  of  this  kind  are  published  by  careful  ob- 
servers.  Laennec  *  mentions  a  singultus  of  three  years'  stand- 

OF  Psychological  Medicine  and  Medical  Jurisprudence,  No.  1,  July,  1867, 
p.  49,  et  seq.^  in  a  memoir  entitled  The  Pailwlogy  and  TVeatment  of  Organic  In- 
faniile  Paralysis,  I  described  the  instrument  more  in  detail,  and  figured  it  as  in 
the  accompanying  woodcut. 

It  consists  of  a  series  of  elements  formed  of  plates  of  perforated  zinc  and 
copper,  as  shown  at  F.  These  plates  are  soldered  together,  the  copper  being 
bent  over  at  the  ends,  the  zinc  laid  upon  it,  and  the  two  securely  fastened.  A 
thin  piece  of  wood  is  then  placed  between  the  plates,  to  prevent  their  being 
pressed  together.  The  elements  rest  upon  a  plate  of  hard  rubber,  and  are  kept 
in  place  by  four  hard-rubber  rods.  Two  other  plates  of  hard  rubber,  having 
each  a  large  hole  in  the  centre  and  four  holes  for  the  rods,  rest  on  top.  These 
are  kept  in  place  by  pins  which  pass  through  holes  in  the  rods.  The  whole  is 
hung  to  an  iron  or  brass  support,  as  shown  in  the  figure,  and  a  saucer  under- 
neath catches  the  vinega^used  to  set  the  instrument  in  action. 

To  arrange  the  apparatus,  an  element  with  a  copper  wire  soldered  to  the 
copper  plate  is  placed  upon  the  lower  piece  of  hard  rubber  ;  upon  the  element 
a  piece  of  flannel  or  woollen  cloth,  the  same  size  as  the  element,  is  placed  ; 
upon  this,  another  element,  then  a  piece  of  flannel,  and  so  on.  The  elements 
are  so  placed,  that  the  copper  is  always  below.  The  last  element  has  a  piece 
of  copper  wire  soldered  to  the  zinc  plate.  Insulated  wires  are  used  to  connect 
the  poles  with  the  electrodes. 

To  set  the  apparatus  in  action,  strong  vinegar  is  poured  upon  the  top  ;  it 
passes  through  the  elements,  and  moistens  the  flannel.  If  the  plates  were  not 
perforated,  the  flannel  would  only  be  moistened  at  the  edges,  and  thus  a  great 
loss  of  power  would  be  the  result. 

Copper  gauze  may  be  used  instead  of  perforated  copper  plates. 

This  apparatus  is  easily  made  and  kept  in  order,  and  is,  therefore,  admirably 
adapted  to  use  in  the  country.  The  current  is  equable,  and  of  a  degree  of  inten- 
sity proportioned  to  the  number  of  elements,  and  of  quantity  proportional  to 
their  size,  I  use  from  fifty  to  a  hundred  elements.  Strong  muscular  contrac- 
tions are  induced  by  it  in  making  or  breaking  of  the  circuit. — W.  A.  H.] 
.  ^  Traits  de  I'auscultation  mediate  et  des  maladies  des  poumons  et  du  coeur, 
4  edit,  Paris,  1837,  t.  iii.,  p.  498. 
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ing,  whicli  was  cured  by  wearing  two  magnetic  plates  on 
the  epigastrium  and  on  the  corresponding  part  of  the  verte- 
bral column.  After  a  lapse  of  six  months  the  patient  one 
day  forgot  to  put  on  the  plates,  and  the  singultus  returned 
and  continued  till  they  were  again  applied.  Miguel  *  cured 
a  case  of  epilepsy  in  the  same  way. 

These  pairs  of  plates  are,  however,  much  more  powerful 
when  they  are  placed  on  parts  which  have  been  previously 
deprived  of  the  epidermis  by  means  of  blistering.  Laennec ' 
cured  a  case  of  angina  pectoris  by  laying  one  plate  over  the 
pit  of  the  stomach,  the  epidermis  being  removed,  and  the 
other  on  the  back.  Orioli  and  Cogevina '  removed  a  cough 
of  five  years'  standing,  in  a  young  girl,  by  placing  a  zinc  and 
a  copper  plate,  connected  by  a  silver  wire,  on  two  positions, 
freed  from  their  epidermis  by  means  of  a  blister ;  finally, 
Spencer  Wells*  often  healed  ulcers  which  had  withstood 
all  other  remedies,  or  threatened  to  become  carcinomatous.* 


Of  the  galvanic  apparatuses,  which  are  used  specially 
for  chirurgical  purposes,  we  notice  here  : 

1.  The  Middeldorjpf  hattery^  which  is  constructed  of  the 
following  dimensions : 

A  polished  wooden  chest,  with  two  handles,  that  may  be 
shut  up,  VH'  broad,  12''  deep,  and  with  a  cover  10^  '^'"  high, 
is  divided  by  means  of  partitions,  J,  into  four  equal  compart- 
ments, which  receive  four  glass  cylinders  standing  on  pieces 
of  felt.  These  are  %\"  high  and  4J^  in  diameter.  They  con- 
tain the  6^^  high  and  4^  wide  strongly-amalgamated  zinc  cylin- 

^  Deutsche  Klinik  vom  1  October,  1856. 

2  L.  c,  p.  497. 

3  Gaz.  des  Hopitaux,  1847,  p.  204. 

*  Bemerkungen  iiber  Heilwirkungen  des  Galvanismus  aus  der  Praxis  des 
Dr.  Cogevina  in  Corfu.  Oppenheim's  Zeitschrift,  1849.  Schmidt's  Jahrbiicher, 
Band  Ixiv.,  p.  161. 

^  S.  section  ix.,  Surgery. 

®  Die  Galvano-caustic,  ein  Beitrag  zur  operativen  Medicin,  Breslau,  1854. 
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ders  6?,  which  have  a  circumference  of  13'',  so  that  each  of 
them  presents  78  n  '\  and  all  four,  312  n  ^.  Within  these  there 
stand,  on  pedestals  of  stone,  the  claj  cells  e^  ^"  high  and  ZY 
in  diameter,  into  which  the  platinum  stars  /*  dip,  which  are 
furnished  with  glass  covers,  and  have  attached  to  their  upper 
portion  (as  the  zinc)  a  small  copper  piece  for  connecting  with 
the  conducting  wires.  Each  platinum  star  consists  of  three 
plates,  3''  10'''  high,  2"  9'"  broad,  united  by  means  of  a  plati- 
num clamp,  and  bent  in  such  a  way  as  to  form  a  six-rayed 
star,  having  a  working  surface  of  about  250  n  ^. 


Fig.  3. 


At  the  crossing  of  the  partitions  of  the  chest  is  placed  the 
commutator  A.  This  consists  of  a  wooden  column  having 
on  its  upper  slightly  concave  end  eight  little  cups,  4'"  broad, 
namely  PPPP  in  an  inner  circle,  and  ZZZZ  in  an  outer  for 
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holding  quicksilver.  Into  these  little  holes  the  copper  con- 
ducting wires  i,  coming  from  the  zinc  and  platinum,  dip.  On 
their  way  they  pass  to  the  1^"  high  copper  cylinder  /fe,  into 
which  they  are  fastened  by  the  screw  m.  The  copper  cylin- 
ders belonging  to  the  zinc  have  a  slit  below,  which  allows 
them  to  be  secured  to  the  zinc  cylinders,  while  those  belong- 
ing to  the  platinum  have  a  slit  on  the  side  so  that  the  wires 
may  be  taken  out,  without  removing  the  platinum  from  the 
acid.  From  the  bottom  of  both  sets  of  cups,  which  are  con- 
nected with  the  platinum  and  zinc  wires,  there  extend  the 
wires  n^  which  at  p  may  be  secured  to  the  conducting  wires 
of  whatever  kind. 

In  the  commutator,  as  we  have  seen,  all  wires  from  the 
platinum  plates  come  to  the  inner  circle  of  cups,  and  all 
those  from  the  zinc  cylinders  to  the  outer  circle.  In  order 
to  concentrate  these  to  a  simple  chain  or  a  chain  of  two 
pairs  or  to  a  pile,  so-called  commutating  disks  are  used. 
These,  which  are  made  of  wood,  have  a  diameter  of  2J^,  and 
carry  copper  wires  furnished  with  feet,  which  are  brought 
into  connection  with  all  the  zinc  cylinders,  or  all  the 
platinum  plates,  or  with  each  alternately,  according  to 
the  combination  desired.  When  setting  the  disks  on 
the  commutator,  care  must  be  taken  that  Ph  always 
come  in  contact  with  the  platinum  of  L  Zg  with  the  zinc 
of  the  ly  elements,  and  there  are  for  this  purpose  on 
each  disk  two  indications  or  mark-points.  This  battery  is, 
as  Grove's,  filled  with  nitric  and  sulphuric  acids,  and  con- 
tinues of  the  same  strength  for  hours. 

Much  cheaper,  and  answering  the  same  purposes,  is 
2,  Stohrer^s  large  zvnc-ca/rhon  hattery^  which  is  placed  in 
an  oaken  chest,  and  consists  of  six  Bunsen's  elements,  which 
are  filled  with  nitric  and  sulphuric  acids  (1  :  6).  By  means 
of  stars  of  copper  plate,  which  are  marked  Kos.  1, 2,  and  6,  and 
which  can  be  laid  in  screw-stands  so  made  as  to  receive  the 
wires  coming  from  the  zincs  and  carbons,  we  can  combine  all 
the  zincs  and  all  the  carbons  into  one  pair,  or  into  two  pairs,  or 
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into  a  pile,  according  as  we  wish  to  render  incandescent  a 
thick  and  short  wire,  one  of  middling  strength,  or  one  that  is 
long  and  thin.  In  order  to  make  a  lessening  of  the  current 
possible,  Stohrer  has  placed  a  moderator  on  the  cover,  which 
consists  of  a  piece  of  tense  silver  wire,  through  which  the 
current  is  conducted,  and  in  this  way  diminished,  before  it 
passes  into  the  apparatus  containing  the  wire  to  be  heated. 
On  the  foot  of  the  moderator  is  a  movable  clamp,  to  regu- 
late the  amount  of  weakening  of  the  current. 

Less  useful  is 

3.  Grenefs  hattery?  This  consists  of  nine  amalgamated 
zinc  plates  and  six  copper  plates  covered  with  carbon,  of  which 
always  three  zinc  plates  combined  with  two  carbon  plates 
stand  vertically  on  the  base  of  the  apparatus.  The  base  is 
made  of  hard  india-rubber ;  it  has  an  excavation,  and  is  fur- 
nished in  its  cover  with  ^yq  holes,  through  which  the  air, 
blown  in  by  means  of  rubber  tubes,  in  the  excavation  reaches 
the  fluid  into  which  the  entire  apparatus  is  dipped.  This  fluid 
is  in  a  glass,  wooden,  or  porcelain  vessel,  and  consists  of  weak 
sulphuric  acid,  to  which  the  bi-chromate  of  potash  (in  the 
proportions  of  1  :  10)  is  added.  After  the  battery  is  dipped 
into  the  fluid  as  high  as  the  upper  edge  of  the  carbon  plates, 
a  Y-shaped  tube  is  fastened  to  the  rubber  tube,  and  to  this 
a  pair  of  bellows ;  soon  the  fluid  is  thrown  into  considerable 
commotion,  and  after  four  or  ^\q  seconds  the  platinum 
wire,  which  is  secured  to  the  conducting  wires  going  from 
the  zinc  and  carbon  poles,  glows.  The  current  remains  con- 
stant as  long  as  the  blowing  is  kept  up.  In  Germany  this 
battery  has  not  met  with  the  approval  which  Broca '  has 
given  it,  because  the  rubber  is  easily  destroyed,  the  bellows 
is  not  an  exact  regulator  of  the  strength  of  the  current^  the 
apparatus  is  complicated,  etc. 

For  galvano-caustic  purposes,  and  in  a  still  higher  degree 

^  Vidje  Die   Grenet'sche  Batterie  und  ihre  Bedeutung  fiir  die  operative 
Heilanwendung  des  Galvanismus  von  Dr  J.  Samter,  1858. 
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as  a  means  of  producing  the  constant  current,  or  that  of 
Yoltaic  induction,  the  following  are  worthy  of  notice. 

4.  The  large  zinc  -  ca/rhon  latteries  constructed  by 
Stohrer,  because  they  consume,  when  not  in  use,  neither 
zinc  nor  acids,  though  applicable  in  the  same  cases  as 
the  foregoing,  and  because  they  are  furnished  with  a  con- 
venient regulator  of  the  strength  of  the  current.  They 
consist  of  a  greater  or  less  number  of  zinc-carbon  elements 
(without  clay  cells),  which,  secured  to  a  beam  in  the  middle 
of  the  battery,  may  be  raised  and  lowered.  In  the  cylin- 
drical pieces  of  carbon  is  a  deep  hole  w^ith  a  diameter  of  about 
one-third  of  an  inch,  which  is  filled  with  sand  and  closed 
with  a  glass  stopper,  and  serves  for  taking  up  nitric  acid  or 
concentrated  chromic  acid.  Entire,  well-amalgamated  zinc 
cylinders  encircle  the  carbon,  and  are  prevented  from  coming 
in  contact  with  this  by  means  of  glass  isolators  fastened  to 
it.  Glasses,  which  stand  on  the  pedestal,  and  into  which  the 
elements  may  be  lowered,  serve  for  holding  dilute  sulphuric 
acid  (1:6);  according  as  the  elements  sink  more  or  less 
deeply  into  this,  the  current  is  more  or  less  strong.  "When 
not  in  use,  the  carbon  and  zinc  are  lifted  so  high,  that  the  sul- 
phuric acid  no  longer  comes  in  contact  with  them,  and,  as 
the  acid  in  this  case  takes  up  only  the  lower  third  of  the 
glass,  it  may  be  transported  without  danger;  besides,  as 
there  is  no  consumption  of  zinc,  or  decomposition  of  acid, 
the  apparatus  may  stand  for  months  without  needing  a 
new  filling,  and  being  always  ready  for  use.  Moreover, 
the  elements  may  be  united,  as  in  the  two  following  bat- 
teries, by  means  of  clamps  of  copper  plate,  into  one  or 
several  pairs. ^ 

^  [This  battery  is,  in  my  opinion,  the  very  best  yet  devised  for  med- 
ical purposes.  Stohrer  has  recently  improved  it  by  reducing  its  size  and 
altering  the  arrangement  for  getting  the  current  from  any  number  of  cells. 
This  last  has  been  still  further  improved  by  Mr.  Drescher,  of  this  city,  a  very 
skilful  electrician.  His  instruments  are  for  sale  by  Messrs.  Tiemann  &  Co.  In 
an  article  on  Organic  Infantile  Paralysis  contained  in  the  Quarterly  Journal 
OF  Psychological  Medicine  and  Medical  Jurisprudence  for  July,  1868, 1  have 
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The  most  convenient  apparatus  for  the  application  of  the 
constant  current  to  medical  purposes  is — 

5.  HemaFs  zinc-carbon  lattery.  This  generally  consists 
of  sixty  elements,  which  have  the  following  proportions. 

described  Stohrer's  battery  at  length.  The  accompanying  wood  cut  (Fig.  4) 
will  serve  better  than  any  additional  description  to  give  an  idea  of  its  form. — 
W.  A.  H.] 

FiQ.  4. 
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In  a  glass,  15  cm.  high,  and  11  cm.  in  diameter,  there  is  a 
coil  of  one-inch-broad  copper  plate,  to  which  there  is  sol- 
dered a  copper  wire  which  passes  vertically  upward  through 
a  glass  cylinder,  2.6  cm.  wide,  and  serves  to  connect  with  the 
next  standing  element.  This  glass  cylinder,  cemented  into 
the  bottom  of  a  clay  cell  which  covers  the  copper  plate,  is 
filled  with  water  and  pieces  of  blue  vitriol  up  to  its  edge. 
At  the  upper  part  of  the  clay  cell,  surrounding  it,  and  reach- 
ing to  the  bottom  of  the  glass,  there  is  a  compressed  layer 
of  papier-mdche  to  the  height  of  from  6  to  7  cm.,  on  which, 
separated  by  a  layer  of  fustian,  rests  a  zinc  cylinder,  IJ  cm. 
thick  and  three  times  as  high.  This  modification  of  Daniell's 
elements  by  Siemens  and  Halske  has  the  advantage,  through 
limiting  the  chemical  process  within  the  battery,  of  length- 
ening the  durableness  of  the  apparatus  in  this  way,  that  the 
same  may  be  used  many  months  without  repairs,  if  we  only 
take  care,  every  three  or  four  weeks,  to  fill  the  glass  cylinder 
with  crystals  of  blue  vitriol.  It  is  advisable  to  clean  the 
battery  every  three  or  four  months,  by  which  means  the  zinc 
is  made  more  active ;  the  security  of  the  copper  wire  may 
then  be  tested,  injuries  may  be  repaired,  and  more  acid  water 
may  be  added,  till  the  zinc  is  covered.  These  sixty  ele- 
ments, placed  one  behind  another,  are  brought  in  connection 
with  the  current  selector,  rheotrope,  and  the  galvanoscope, 
which  three  instruments  are  secured  to  a  polished  mahogany 
board. 

The  current  selector,  which  has  for  its  object  the  uniting 
for  effect  any  number  of  elements,  even  as  high  as  sixty,  has 
the  following  construction :  It  has  ten  silver-plated  buttons, 
arranged  in  opposite  half-circles  of  fives,  bearing  the  numbers 
10,  8,  6,  4,  2,  10,  20,  30,  40,  50,  which  indicate  the  number 
of  elements  with  which  they  are  in  combination.  In  the 
middle  of  each  half-circle  is  a  winch,  which,  moved  from  but- 
ton to  button,  shuts  off  any  desired  number  of  elements.  If 
we,  for  instance,  need  forty-two  elements,  we  turn  the  winch 
B2  to  40,  the  winch  Bl  to  2 ;  while,  if  we  wish  to  use  six 
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elements,  the  winch  B2  is  moved  to  the  nail  0  lying  between 
the  two  half-circles,  the  winch  Bl  to  6.  When  both  winches 
are  at  0^  there  is  no  current  flowing. 


The  change  of  the  direction  of  the  current  is  effected  by 
means  of  the  commutator  C,  in  connection  with  the  points 
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^N"  (normal)  and  W  (reversed).  The  conducting  wires  being 
secured  by  the  binding-screws  K  (copper)  and  Z  (zinc),  the 
positive  current  passes,  when  the  winch  of  the  commutator 
is  on  K,  through  the  clamp  K  and  the  conducting  wire  into 
the  body,  and  through  the  other  conducting  wire  to  the 
zinc  pole  Z.  If,  on  the  contrary,  the  winch  is  on  W,  the 
positive  current  passes  from  the  clamp  Z  through  the  body 
toK. 

The  galvcmoacope  G  shows  us,  when  the  tips  of  the  con- 
ducting wires  are  placed  on  any  part  of  the  body,  and  the 
stopper  a  is  removed,  how  strong  the  current  is,  by  means 
of  the  amount  of  deviation  from  the  0  point.  On  the  brass 
button  above  the  galvanoscope  there  is  a  small  magnet-rod, 
by  turning  which  to  the  left  or  the  right  we  can  place  the 
needle  on  the  0  point,  when  this  shows  a  deviation,  the  cir- 
cuit being  open. 

The  combination  between  the  battery  and  the  current 
selector  is  made  in  the  following  way :  After  the  individual 
elements  are  arranged  behind  one  another,  and  the  zinc  al- 
ways Connected  with  the  copper,  the  first  conducting  wire 
of  the  copper  pole  of  the  first  element  is  carried  to  the  but- 
ton 10  of  the  winch  Bl,  and  there  secured  by  means  of  a 
screw.  The  second  wire  is  fastened  into  the  clamp  which 
unites  the  second  element  with  the  third,  and  carried  to  the 
button  8.  The  same  takes  place  between  the  elements  4 
and  5,  6  and  Y,  8  and  9,  and  the  wires  are  united  with  the 
buttons  6,  4,  2,  in  a  corresponding  order.  The  wire  between 
the  tenth  and  eleventh  elements  is  connected  with  the  but- 
ton 0,  From  the  eleventh  element  on,  the  enumeration  is 
always  by  ten  elements ;  the  conducting  wires  are  set  on 
between  the  twentieth  and  twenty-first,  the  thirtieth  and 
thirty-first,  the  fortieth  and  forty-first,  and  finally  the  fiftieth 
and  fifty-first,  and  carried  thence  to  the  buttons  10,  20,  30, 
40,  of  the  winch  B2.  The  last  wire  is  earned  from  the  zinc 
pole  of  the  sixtieth  element  to  button  50. 

Bemak's  electrodes  consist  of  wooden  handles  with  brass 
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tips,  which  have  the  form  either  of  buttons,  from  J  to  1  inch 
in  diameter,  or  of  segments  of  balls  and  plates,  from  1^  to 

3  inches  in  diameter,  or  of  square  rods,  from  1  to  3  inches 
long,  and  -J-  to  1  inch  wide.  These,  to  prevent  oxidation, 
are  covered  with  platinum  plate,  and  then  with  a  layer  of 
flannel  concealed  by  linen.  The  conductors  are  protected 
by  cork  coverings,  from  J  to  -J  of  an  inch  thick,  which  are 
secured  to  the  metal  plate  by  linen  binding. 

Lately,  Fromhold  has  described  an  apparatus  in  a  short 
paper,*  which,  so  far  as  we  can  judge,  is  an  improvement  in 
the  construction,  since  we  can,  by  the  use  of  it,  not  only  ob- 
tain currents  of  a  desired  intensity,  but  of  any  quantity,  for 
therapeutical  purposes. 

6.  FronfihoWs  apparatus  has  the  following  construction : 
Itfe  base  has  a  length  of  24^^,  and  a  breadth  of  IZ",  and  is 
furnished  on  each  of  its  longer  sides  with  a  prominence  for 
the  reception  of  a  wooden  column,  21''  high,  having  a  slit 
below,  3'"  wide.  There  is  glued  to  the  bottom,  and  secured 
by  screws,  a  second  board,  pierced  with  32  holes,  which  are 
for  the  reception  of  32  battery-glasses.  A  similar  board, 
serving  as  a  point  of  support  for  the  glasses,  may  be  secured 
by  means  of  two  screws,  which  pass  through  the  slits  in  the 
columns,  at  any  height,  even  as  far  up  as  the  edge  of  the 
glasses,  and  allow  in  this  way  an  open  view  of  these  from 
all  sides.     (See  Fig.  6.) 

The  32  glasses,  each  of  which  has  an  outer  diameter  of 
about  2J  inches,  and  a  height  of  8  inches,  are  arranged  in 

4  rows,  and  serve  for  the  reception  of  the  zinc-lead-plati- 
num elements  already  described.  The  electro-motor  metals 
are  secured  to  a  wooden  frame,  of  the  dimensions  of  the 
bottom  board,  which  is  divided  lengthwise  into  four  parts, 
and  carries  on  its  middle  cross-piece  the  dial  (Remak's  cur- 
rent selector)  and  the  commutator.  The  four  longitudinal 
divisions  are  so  divided,  by  means  of  cross-sticks  or  saddles, 

*  Der  constante  galvanische  Strom  modificirbar  in  seinem  Intensitats-  und 
Quantitatswerth,  Pesth,  186Y. 
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that  each  saddle  comes  exactly  over  the  middle  of  a  battery- 
glass.     The  entire  frame  is  elevated  when  the  metals  are 
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lifted  from  the  fluid,  and  is  lowered  when  these  are  allowed 
to  sink  into  the  fluid  consisting  of  acid  water,  and  this  rising 
and  sinking  take  place  by  means  of  a  windlass.  This  con- 
sists of  an  iron  rod  passing  from  one  column  to  the  other, 
which  holds  on  both  of  its  inner  ends  a  metallic  disk  of  3 
inches  diameter,  and  a  cog-wheel  where  it  passes  at  right 
angles  through  the  column.  This  wheel  is  moved  by  means 
of  an  endless  vertical  screw,  which  turns  it  completely  on  its 
axis  by  40  revolutions,  and  is  held  fast,  through  the  friction, 
at  any  height.  The  dial-plate,  which  receives  on  its  lower 
surface  the  conducting  wires  of  all  the  positive  poles,  con- 
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sists  of  a  horizontal  disk,  5  inches  in  diameter,  of  well-dried 
wood,  which  has  on  its  surface  32  numbers,  corresponding 
to  the  32  elements,  and  of  an  indicator  which  can  be  moved 
without  disturbing  the  apparatus  from  1  to  32.  Connected 
with  this  battery,  as  with  Kemak's,  there  is  a  commutator, 
and  in  place  of  the  magnet-needle  there  is,  separated  from 
the  apparatus,  a  tangent  box-compass  which  is  intercalated 
in  the  course  of  the  current. 

The  power  which  this  apparatus  has  of  delivering  currents 
of  greater  intensity  and  quantity,  results  from  the  possibility 
of  introducing  a  greater  or  less  number  of  elements,  and  of 
sinking  them  more  or  less  deeply  into  the  fluid  :  moreover, 
all  possible  modifications  may  be  resorted  to  according  to 
the  various  therapeutical  indications  or  surgical  demands. 
This  battery  also  produces,  by  the  slow  sinking  of  the  elec- 
tro-motor metals  into  the  fluid,  a  gradual  increase  of  the 
quantity,  and  through  the  slow  moving  of  the  index  from 
lower  to  higher  numbers  a  gradual  increase  of  the  intensity 
— advantages  which  Fromhold  considers  of  great  service  in 
therapeutics. 

Deserving  of  special  notice  is 

7.  Thomsen's  Polarization  Battery,^  because  it  has  the 
advantage  over  all  other  batteries  of  producing  sufficient 
electro-motor  power  by  the  use  of  one  galvanic  element, 
which  takes  up  very  little  room,  because,  though  the  first 
cost  is  considerable,  the  expense  of  operating  it  is  light,  and 
because,  with  certain  modifications,  it  may  serve  as  a  trans- 
portable battery  for  medicinal  purposes.  The  theory  which 
lies  at  the  foundation  of  the  construction  of  the  apparatus 
is  the  following :  When  we  touch  the  poles  of  a  galvanic 
element  to  two  platinum  plates,  which  are  dipped  into 
dilute  sulphuric  acid,  and  then  remove  the  element  and  con- 

'  Die  Polarisations-Batterie,  ein  neuer  Apparat  zur  Hervorbringen  eines 
continuirlichen  electrischen  Stromes  von  hoher  Spannung  und  constanter 
Starke  mit  Hiilfe  eines  einzelnen  galvanischen  Elements  von  Julius  Thorns  en, 
Hamburg,  1866. 
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nect  tlie  platinum  plates  by  means  of  a  metallic  wire,  there 
arises  an  electric  current,  which  runs  in  an  opposite  direction 
to  the  current  which  produced  this  condition — the  platinum 
plates  are  then  polarized  ;  during  the  short  time  of  contact 
there  was  formed  an  invisible  film  of  the  constituents  of  the 
water  on  the  platinum  plates — ^hydrogen  on  the  plate  which 
was  in  connection  with  the  zinc  pole,  and  oxygen  on  the 
plate  in  connection  with  the  copper  pole.  The  current  has 
naturally  only  a  short  duration,  since  the  hydrogen  and 
oxygen  quickly  unite  again,  but  we  may,  in  a  very  short 
time,  in  this  way  charge  a  large  number  of  plates,  and  ob- 
tain, if  we  unite  these  into  a  battery,  an  electrical  current  of 
very  high  tension.  The  strength  of  the  current  decreases, 
however,  very  quickly,  unless  we  take  care  to  charge  the 
individual  cells  without  breaking  their  connection  with  one 
another,  and  this  is  done  by  so  arranging  the  platinum 
plates,  as  in  a  battery,  and  the  connection  of  the  polarizing 
element  with  each  platinum  pair,  that  the  already  present 
charge  will  be  increased  by  the  action  of  the  charging  cur- 
rent. 

The  jpolarization^attery  consists  of  three  principal 
parts :  1.  The  battery  proper ;  2.  The  galvanic  element, 
which  charges ;  3.  The  distributing  apparatus,  through 
which  the  current  produced  by  the  element  is  conducted 
from  one  to  another  of  the  different  cells  of  the  battery.  1. 
The  battery  is  formed  of  two  open  wooden  chests,  each  of 
which  is  divided  by  means  of  26  platinum  plates  secured  in 
its  walls,  into  25  cells,  so  that — and  this  is  a  peculiarity  of 
this  battery — the  plates  themselves  form  partition  walls  be- 
tween the  cells,  and  the  two  sides  of  a  plate  belong  to  two 
different  cells.  2.  As  the  galvanic  element  must  be  able 
easily  to  decompose  water,  it  is  best  to  use  a  zinc-platinum 
or  a  zinc-carbon  element  with  nitric  or  chromic  acid.  3.  The 
distributing  apparatus  consists  of  a  flat  ring,  composed  of 
insulating  material,  into  which  a  number  of  short,  radiating, 
metallic  rods  are  secured,  as  many  in  number  as  the  battery 
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cells.  Each  of  these  is  combined  by  means  of  a  fine  silver  or 
copper  wire  with  a  platinum  plate  in  the  battery.  Through 
the  middle  of  the  ring  passes  a  vertical  axis,  which  carries 
above  two  isolated  arms  alongside  of  one  another,  which 
stand  in  connection  with  two  wooden  clamps,  serving  for 
the  reception  of  the  conducting  wires  from  the  galvanic  ele- 
ment. The  two  arms  represent  the  two  poles  of  the  element ; 
each  is  supplied  with  a  spring,  and  they  stand  so  far  apart 
that,  when  one  touches  one  metallic  rod  of  the  ring,  the 
other  is  also  in  contact  with  the  next.  If  the  axis  is  now 
turned,  w^hich  may  be  done  by  means  of  clock-work,  a 
weight,  or  an  electro-magnetic  contrivance  moved  by  a  gal- 
vanic element  (which  causes  a  revolution  in  at  most  two  or 
three  seconds),  each  plate  will  become  loaded  one  after  the 
other  with  hydrogen  on  one  side  and  oxygen  on  the  other. 
After  a  single  turning  round  of  the  axis  all  the  plates  are 
charged,  and  the  battery  is  in  a  condition  to  begin  its 
action.  The  intensity  of  the  current  is  regulated  through 
the  polariziiig  element,  and  this  again  through  the  rheostat, 
i.  e.,  an  apparatus  that  enables  us  at  pleasure  to  increase 
the  conducting  resistance  by  intercalating  a  longer  or  shorter 
metallic  wire.  The  entire  apparatus,  exclusive  of  the  gal- 
vanic element,  is  enclosed  in  a  polished  wooden  chest  1^  feet 
long,  1  foot  wide,  and  ^  foot  high. 

II.    INDUCTION   APPARATUS. 

Among  the  magneto-electrical  induction  apparatuses  we 
will  mention : 

8.  The  apparatus  of  Pixii.  In  this  the  electrical  cur- 
rent is  induced  by  means  of  a  steel  magnet  rotating  vertically 
on  its  axis,  above  the  poles  of  which  are  two  iron  rods  wound 
with  connecting  spirals.  The  magnet  rotates,  while  the  in- 
duction spirals  remain  immovable. 

In  all  the  later  constructed  apparatuses  the  magnet  is 
immovable,  and  the  horse-shoe  shaped  soft  iron,  either  with 
the  induction  spiral  or  without  it,  is  movable.  To  the  in- 
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duction  apparatuses  with  movable  spirals  belong  those  of 
Saxton  and  Ettinghausen,  Keil,  Stohrer,  etc. ;  to  those  with 
immovable  spirals,  Duchenne's  magneto-electrical  apparatus, 
and  that  of  the  brothers  Breton. 

9.  Tke  Saxton-Ettinghausen  apparatus  consists  of  a  pow- 
ful  horse-shoe  magnet,  of  five  or  seven  plates,  secured  by 
means  of  screws  to  a  wooden  base.  Between  the  arms  of  the 
magnet  there  is  a  small  cylinder  which  may  be  set  in  motion 
by  means  of  a  turning  wheel  placed  above  the  magnet.  The 
cylinder,  being  of  less  diameter  than  the  wheel,  makes  a  cor- 
respondingly greater  number  of  revolutions  than  the  latter. 
With  the  cylinder  the  induction  spirals  turn  and  also  the 
iron  axle  lying  before  these.  On  this  axle  are  two  steel 
rings,  one  of  which,  isolated  by  means  of  a  covering  of  glass, 
wood,  or  ivory,  receives  one  end  of  the  induction  spiral, 
the  other  end  of  this  spiral  is  taken  up  by  the  second  uniso- 
lated  ring.  This  ring  consists  of  two  divisions,  the  front  one 
of  which  is  interrupted  by  two  diametrically  opposite  inden- 
tations, while  the  hinder  one  has  an  unbroken  surface.  On 
each  side  of  the  axle  is  a  small  brass  column,  into  which  me- 
tallic springs  are  screwed;  the  right  one  supports  two 
springs,  one  of  which  glides  over  the  surface  of  the  isolated 
ring,  the  other  over  the  front  division  of  the  unisolated 
ring ;  the  spring,  secured  to  the  left  column,  comes  in  con- 
tact with  the  other  division  of  this  latter  ring.  Finally, 
there  is  fastened  to  each  brass  column  a  metallic  conducting 
wire,  furnished  with  an  application  cylinder,  between  which 
the  body  to  be  electrized  is  intercalated.  If  the  turning 
w^heel,  or  with  it  the  whole  rotating  system,  is  set  in  motion, 
each  pole  of  the  magnet  produces  an  opposite  polarity  in 
the  soft  iron  contained  within  the  induction  spirals,  conse- 
quently with  each  half  revolution  of  the  axis  the  sides  of  the 
iron  turned  to  the  magnet  change  their  polarity.  Each 
magnetic  iron  rod  produces  an  electric  current  i.i  the  spiral 
which  surrounds  it,  according  to  the  following  law :  if  we 
excite,  in  an  iron  rod  which  lies  in  a  spiral  wound  to  the 
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right,  magnetism  in  such  a  way,  that  on  the  active  end  a 
north  pole  is  produced,  then  the  positive  electric  current, 
induced  through  the  magnetism,  passes  from  this  side  into 
the  spiral.  The  reverse  follows  with  a  winding  of  the  spiral 
to  the  left.  The  brass  columns  on  both  sides  of  the  axle  have 
the  office  of  conducting,  by  means  of  the  metallic  springs 
and  wires,  the  induced  current  to  the  portion  of  the  body  to 
be  affected,  and  this  always  takes  place  at  the  moment  when 
the  pole  of  the  iron  rod  is  moved  away  from  that  of  the 
magnet,  and  the  spring  on  the  right  side  sinks  into  one  of 
the  indentations  which  are  found  on  the  front  division  of  the 
unisolated  ring.  If  we  have  to  do  with  a  spiral  wound  to 
the  right,  and  at  this  moment  the  iron  rod,  whose  wire  end 
is  connected  with  the  isolated  ring,  leaves  the  north  pole  of 
the  horse-shoe  magnet,  the  positive  current  goes  to  the  right 
column  and  (the  conduction  of  the  front  right  spring,  which 
now  stands  in  an  indentation,  being  interrupted)  thence 
through  the  conducting  wires  to  the  body  operated  on,  and, 
passing  through  this  from  right   to  left,  reaches   the  left 

Fig.  7. 


column,  the  spring  of  the  left  side,  and  finally  the  unisolated 
ring.  After  the  next  half  revolution,  when  the  iron  rod, 
whose  wire  end  is  connected  with  the  unisolated  ring,  comes 
imder  the  influence  of  the  south  pole  of  the  horse-shoe  mag- 
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net,  the  positive  current  (tlie  conduction  of  the  front  right 
spring  being  again  interrupted)  goes  through  the  spring 
of  the  left  side,  the  left  column,  the  left  conducting  wire,  into 
the  electrized  body,  and,  passing  through  this  from  left  to 
right,  returns  by  way  of  the  conducting  wire  of  the  right  side, 
the  column,  and  the  right  hind  spring,  to  the  isolated  ring. 
The  current  goes  changing  from  right  to  left  and  from  left 
to  right,  in  an  electrized  arm,  for  instance :  at  one  moment 
it  passes  from  the  hand  to  the  shoulder,  and  at  the  next 
from  the  shoulder  to  the  hand,  and  so  on. 

10.  The  same  thing  takes  place  with  the  Saxton  appor 
raPus  modified  by  Keil,  which  has,  in  the  place  of  the  springs 
and  steel  rings,  on  tlie  front  end  of  the  iron  axle,  a  gyrotrope 
so  arranged  that  it  can  be  turned  also  by  the  wheel.  It 
consists  of  four  small  half  disks  of  German  silver,  covered 
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to  within  three  lines  of  their  edges  with  lac,  which  from 
their  relative  positions  seem  to  form  two  round  plates.  Of 
these  half-disks  the  upper  and  hinder  stands  in  connection 
with  the  front  and  lower  one,  and  lower  and  hinder  is  sim- 
ilarly united  with  the  front  and  upper  one,  and  each  takes 
up  an  end  of  the  induction  spiral.  The  disks,  which  are 
separated  by  about  one  inch,  dip  into  quicksilver,  which,  for 
the  purpose  of  aiding  the  conduction,  is  placed  in  two  fur- 
rows of  a  wooden  vessel  standing  on  an  appropriate  pedestal. 
In  the  quicksilver  of  each  furrow  there  lies  a  metallic  wire, 
to  the  outer  ends  of  which  the  conducting  wires  are  con- 
nected. Here  also,  with  each  half  revolution,  the  direction  of 
the  current  changes,  which  passes  to  the  body  to  be  electrized. 
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Stohrer  first  succeeded,  by  means  of  his  very  ingenious 
commutator-contrivance,  in  changing  the  currents,  flowing 
after  each  half  revolution  in  opposite  directions,  into  currents 
having  the  same  direction  and  as  such  passing  to  the  body. 

11.  Stohrer^ s  apparatus  consists  of  a  horizontally-lying 
horse-shoe  magnet,  of,  at  most,  five  equally  long  plates,  and 
of  an  iron  axle,  between  the  arms  of  the  magnet ;  to  these 
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are  attached  from  behind  forward :  a.  The  commutator ; 
h.  The  soft  irons,  wound  with  the  induction  spirals,  which 
are  secured  to  the  ends  of  an  iron  bar  at  an  angle  of  ninety 
degrees ;  c,  A  crank  which,  set  in  motion,  turns  the  entire 
rotating  system  (axle,  commutator,  and  induction  spirals). 

Here,  as  with  the  Saxton-Ettinghausen  apparatus,  each 
core  of  the  induction  coil,  with  each  half  revolution  of  the 
axle,  is  changed  into  a  north  pole  and  then  again  into  a 
south  pole  ;  and  yet,  by  means  of  the  commutator,  currents 
having  the  same  direction  pass  over.  The  commutator  con- 
sists of  a  shorter  and  broader,  and  of  a  longer  and  narrower 
brass  cylinder,  which,  separated  by  means  of  a  wooden  tube, 
are  placed  one  within  the  other,  the  shorter  being  outermost. 
On  each  end  of  each  cylinder  there  is  soldered  a  steel  ring, 
so  that  we  have  four  steel  rings,  which  we  will  number 
from  before  backward,  1,  2,  3,  and  4.  The  half  of  each 
steel  ring  projects  beyond  the  other  half  by  about  ^  a  line, 
in  such  a  way  that  the  prominent  halves  of  1  and  3  and  of 
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2  and  4  correspond.  One  end  of  the  induction  spiral  is  con- 
nected with  the  ring  1,  and  this  through  the  narrow  brass 
tube  with  the  ring  4,  while  the  other  end  of  the  spiral  is 
connected  with  the  ring  2,  and  through  this  with  3.  Final- 
ly, two  steel  springs  are  so  secured  to  the  wooden  chest 
in  which  the  apparatus  is  placed,  that  their  free  ends 
touch  the  steel  rings  lightly  from  above,  and  their  fixed 
ends  are  furnished  with  conducting  wires.  If  the  apparatus 
is  set  in  motion,  during  one-half  revolution  the  steel  rings  1 
and  3,  and  during  the  other  half  the  steel  rings  2  and  4,  are 
touched  by  the  steel  springs.  The  positive  current  from 
the  one  end  of  the  wire  goes  through  the  ring  1,  the  corre- 
sponding spring  and  the  anterior  conducting  wire  to  the 
human  body,  and  then  through  the .  posterior  conducting 
wire  and  steel  spring  to  the  ring  3,  and  so  finishes  its  course, 
since  it  returns  through  the  ring  2  into  the  spiral  coil.  By 
means  of  this  commutator,  currents  having  always  the  same 
direction  are  conducted  through  the  body  to  be  electrized. 
In  order  to  increase  the  frequency  of  the  interruptions,  Stoh- 
rer  has  recently  attached  to  the  axle  a  pair  of  toothed  disks 
of  copper,  so  that  at  each  revolution  of  the  wheel  the  current 
is  frequently  interrupted. 

The  so-called  American  apparatuses  of  Palmer  and  Hall, 
in  Boston,  and  of  Davis  and  Kidder,  in  I^ew  York,  are 
worthy  of  notice,  being  small,  compendious,  cheap,  and 
serving  for  many  cases;  they  have,  however,  no  commu- 
tator. 

In  regard  to  voUa-electrieal  induction  apj?aratu8es,  the 
earlier  ones  (Baumann's,  Ranch's,  etc.)  consisted :  a.  Of  ei 
simple  or  of  a  constant  chain ;  h.  Of  one  or  two  wires, 
which  encircled  in  numerous  windings  a  high  cylinder  of 
paper  or  wood ;  o.  Of  a,  toothed  turning  wheel,  which 
•caused  the  interruption  of  the  current ;  and,  finally,  d.  Of 
conducting  wires,  which  carried  the  interrupted  currents  to 
the  body  to  be  electrized.  The  intensity  of  the  current  was 
modified  by  means  of  iron  rods,  which  in  greater  or  less 
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numbers  were  placed  in  the  cylinder,  as  well  as  bj  a  slower 
or  faster  turning  of  the  wheel. 

The  Neef -Wagner  apparatus  is  more  complete  than 
these,  and  may  be  considered  as  the  foundation  of  all  the 
more  recent  and  more  perfect  volta-induction  apparatuses 
which  are  furnished  with  a  self-acting  hammer. 

12.  The  Neef-  Wagner  apparatus  *  consists  of  a  constant 
chain,  whose  positive  pole  is  connected,  by  means  of  the 
conducting  wire  a^  with  a  little  cup  on  the  pedestal  of  the 
induction  coil,  filled  with  quicksilver,  and  whose  negative 
pole,  through  the  wire  g^  is  connected  with  the  beginning  of 
the  induction  spiral y.  The  induction  spiral,  after  numerous 
windings  around  a  wooden  cylinder,  reaches  the  point  ^,  and 
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ends  in  a  second  quicksilver  cup  d.  Between  the  cups  h  and 
d  a  connection  is  made  in  the  following  way:  A  copper 
wire  m,  which  extends  horizontally  under  the  coil,  ends  in  a 
small,  light,  movable  platinum  hammer  c.  This  hammer 
rests  on  a  platinum  plate,  which  is  soldered  to  the  wire 
coming  from  J.     Through  the  lifting  up  of  the  hammer  <?, 

'  Pouillet's  Lehrbuch  der  Physik  von  Miiller,  ii.  Auflage,  Band  ii.,  p.  232. 
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and  through  the  resulting  separation  from  the  platinum 
plate  which  lies  under  it,  the  current  is  broken — through  the 
falling  of  the  same,  the  current  is  again  formed.  The  appara- 
tus, however,  directs  both  operations.  There  is  in  the  induc- 
tion coil  a  cylinder  of  soft  iron,  which  becomes  magnetic  as 
soon  as  the  current  runs  through  the  induction  wire.  "When 
magnetic,  it  attracts  a  small  iron  plate,  which  is  soldered  to 
the  movable  wire  m,  by  which  means  both  wire  and  plati- 
num hammer  are  lifted  and  the  current  is  interrupted.  As 
soon,  however,  as  the  current  is  interrupted,  the  cylinder 
loses  its  magnetic  power,  the  movable  copper  wire  falls,  and 
the  circuit  is  again  closed,  in  the  next  moment  to  be  re- 
opened, and  so  on.  By  means  of  the  constant  opening  and 
closing"  of  the  circuit  in  the  induction  wire,  currents  are  pro- 
duced in  a  second  wire  running  parallel  with  this,  which 
can  be  used  for  physiological  and  therapeutical  purposes. 
The  rapidity  with  which  the  interruptions  follow  one  an- 
other depends  on  the  distance  of  the  iron  plate  from  the 
iron  cylinder,  and  this  may  be  regulated  by  means  of  a 
screw. 

Klopfer's,  Gentsch's,  Goldberger's  apparatus,  and  others, 
are  more  or  less  compendious  modifications  of  the  above ; 
they  are  mostly  put  in  action  by  means  of  a  Bunsen  zinc- 
carbon  element.  Some,  for  the  purpose  of  modifying  the 
strength  of  the  current,  are  furnished  with  a  so-called  mod- 
erator. This  is  a  glass  tube,  filled  with  water,  alcohol,  or 
oil,  into  the  upper  and  lower  ends  of  which,  closed  by  corks, 
the  terminations  of  conducting  wires  enter.  As  we  can  at 
pleasure  separate  these  from  one  another,  and,  consequently, 
shorten  or  lengthen  the  distance  through  which  the  current 
has  to  pass  in  the  fluid,  we  possess  a  means  of  conducting  a 
current  of  greater  or  less  strength  to  the  body  to  be  elec- 
trized. 

13.  Duchenn^s  volta-electrical  a^paratus^  is  composed 

^  (Duchenne,  de  I'l^lectrisation  localisee,  etc,  1^55  [p.  127,  et8eq.\  1861  [p. 
134,  et  seq.'\.) 
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of  two  drawers  in  a  wooden  chest,  and  of  a  metallic  cover- 
ing placed  above  these.  In  the  lower  drawer,  which  is  lined 
with  cemented  glass  plates,  so  that  the  moisture  may  not 
affect  the  wood,  is  a  Bunsen's  element.     The  zinc  has  the 
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form  of  a  flat  box,  in  which  the  carbon  without  a  diaphragm 
is  placed.  The  carbon  is  flat,  hollowed  out  in  the  middle,  and 
filled  with  coke-dust.  If  the  carbon  is  new,  we  saturate  it  with 
nitric  acid  and  place  it  in  the  zinc  vessel  after  we  have  moist- 
ened the  whole  surface  of  the  latter  with  a  saturated  solution 
of  salt.  Lately  Duchenne  has  changed  the  element :  the  carbon 
plate,  saturated  with  water  in  an  india-rubber  box,  is  covered 
first  with  the  sulphide  of  mercury  and  then  with  a  layer  of 
thin  cloth ;  on  these  the  zinc  plate  is  placed.^ 

Two  copper  plates  A  and  B,  one  of  which  is  in  connec- 

*  Such  elements,  lately  come  into  use  with  the  small  volta-induction  appa- 
ratuses in  the  hands  mostly  of  the  non-professional,  have  the  advantage  that 
they,  firstly,  need  no  acid,  and  secondly,  that  they  are  more  lasting  because  they 
supply  themselves  the  zinc  amalgam. 
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tion  with  the  zinc,  and  the  other  with  the  carbon  of  the  ele- 
ment, communicate,  by  means  of  two  platinum  plates  (7, 
Z>,  with  the  primary  spiral,  which,  as  the  secondary,  lies 
in  the  metallic  covering  on  the  upper  part. of  the  wooden 
chest.  The  primary  or  magnetizing  spiral,  consisting  of  a 
proportionably  small  number  of  windings  of  a  1  mm.  thick 
wire,  holds  in  its  cavity  a  bundle  of  iron  wires,  and  serves 
as  a  point  of  departure  to  the  extra  current,  while,  from  the 
secondary  or  induction  spiral,  which  is  formed  by  a  much 
larger  number  of  windings  of  sl  ^  mm.  thick  wire,  the  sec- 
ondary current  is  carried  off  in  J^  and  i^.  Around  this 
immovable  spiral  there  is  a  closed,  movable  copper  cylinder, 
which  is  furnished  with  a  scale.  If  it  is  pushed  entirely  into 
the  metallic  covering,  the  currents  have  the  lowest  intensity ; 
in  order  to  gradually  increase  this,  the  cylinder  must  be 
dr^wn  slowly  out.  As  this  lessening  of  intensity  was  not 
sufficient  in  powerful  apparatuses,  Duchenne  placed  another 
closed  cylinder,  holding  a  bundle  of  iron  wires,  within  the 
magnetizing  spiral,  and  obtained  the  least  action  when  it  was 
fully  covered  by  the  cylinder  and  spirals.  The  physical  rea- 
son of  this  is,  that  closed  conductors,  near  an  induction  cur- 
rent, having  the  form  of  metallic  cylinders  or  of  closed  spi- 
rals, produce  a  weakening  of  the  current,  because  currents 
are  induced  in  themselves  by  coming  and  going,  and  at  the 
expense  of  the  induction  current.  So  in  this  case,  the  cur- 
rent flowing  in  the  spiral  is  weakened  through  the  action  of 
the  outer  copper  cylinder,  while  through  that  of  the  inner 
the  effect  of  the  iron  rods  may  be  completely  neutralized. 
As  a  third  means  of  weakening  the  current,  there  is  also 
attached  to  the  apparatus  a  moderator  G,  which,  on  account 
of  the  greater  or  less  depth  of  water  through  which  the  cur- 
rent has  to  pass,  renders  it  possible  to  produce  any  desired 
lessening  of  the  strength  of  the  current.  The  interruptions 
may  be  made  in  two  different  ways :  either  through  a,  the 
hammer,  which  consists  of  a  movable  iron  rod  £[  and  a  screw 
Z  furnished  with  a  platinum  point,  with  which  the  soft  iron 
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of  the  iron-wire  bundle,  at  a  point  covered  with  platinum 
plate,  comes  in  contact ;  or  5,  through  the  cog-wheel  imme- 
diately above  the  wooden  chest,  which  is  movable  by  means 
of  a  winch,  and  can  be  brought  in  connection  with  the  spiral 
by  a  spring.  We  are  thus  able  to  vary  the  frequency  of  the 
interruptions  at  pleasure :  by  means  of  the  hammer  we  may 
obtain  four  in  a  second,  and  through  the  turning  wheel  a  still 
smaller  number.  In  order  to  measure  the  strength  of  the 
current  of  the  galvanic  element,  there  is  a  so-called  current- 
measurer  in  the  upper  drawer,  a  box-compass  which  indicates 
the  degree  of  magnetism  of  the  iron  core.  The  disk  of  the 
box-compass  is  divided  into  four  parts,  and  each  part  into  90 
degrees.  The  current-measurer  serves  also  to  keep  the  pri- 
mary current  of  the  element  of  even  strength.  'No  pile  is 
perfectly  constant,  and  even  Duchenne's  element,  after  sev- 
eral hours  of  activity,  loses  a  part  of  its  strength ;  but  we  are 
able,  when  the  compass  shows  a  slackening  of  the  current,  by 
the  addition  of  a  few  drops  of  nitric  acid,  to  bring  the  mag- 
net-needle back  to  its  earlier  stand-point,  and  we  have  the 
power,  through  the  combined  working  of  the  current-meas- 
urer and  the  extinguisher,  of  ascertaining  the  degree  of  irri- 
tability, with  great  exactness,  of  any  part  of  the  body. 

14.  The  Baierlacher  apparatus  ^  is  a  modification  of  Du- 
chenne's, and  difiers  from  his  in  the  following  points  :  1.  It 
has,  instead  of  two  copper  cylinders  for  regulating  the 
strength  of  the  current,  only  one,  which,  graduated  to  cen- 
timetres, can  be  moved  in  and  out  over  the  bundle  of  iron 
wires  within  the  spiral.  2.  Baierlacher  lets  his  hammer, 
which  has  considerable  weight,  swing  in  a  horizontal  direc- 
tion between  an  electro-magnet  placed  in  the  middle  of  the 
iron  rod  and  a  small  platinum  plate.  The  platinum  plate 
itself  may  be  made  to  approach,  by  means  of  a  brass  screw, 
a  platinum  pin  in  the  middle  of  the  spring  which  carries 
the  hammer. 

'  Die  Inductions-Electricitat  von  Dr.  E.  Baierlacher,  Nurnberg,  1857,  p.  141, 
et  seq. 
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15.  Stohrer^s  transportable  induction  apparatus^  both 
the  smaller  and  the  greater,  consist  of  a  mahogany  box 
which  is  divided  into  two  parts  by  means  of  a  partition. 
In  the  left  side  is  a  movable  zinc-carbon  element,  already 
described,  and  in  the  other  the  induction  apparatus.  By 
means  of  the  clamps  which  secure  the  zinc  and  coal  to  the 
partition,  the  battery  current  is  conducted  to  the  primary 
spiral  and  to  the  interrupter.  This  consists  of  a  quadrangu- 
lar iron  rod  fastened  to  an  easily-moving  spring,  which  may 
be  attracted  and  set  free  from  an  electro-magnet  composed 
of  a  bundle  of  iron  wires,  and  allows  of  the  motion  of  a 
hammer  and  the  consequent  induction  of  the  secondary 
spiral.  This  latter  can  be  lifted  vertically  by  means  of  a 
graduated  rod.  A  brass  spring,  having  a  screw,  leans 
against  the  hammer,  and  serves  to  produce,  through  its 
greater  or  less  action,  a  change  in  the  strength  and  times  of 
the  induction  shocks.  Four  screw-stands  have  the  office  of 
conducting  the  current  to  the  body ;  those  marked  P  give 
the  primary  current,  and  those  marked  S  the  secondary 
current.  Modifications  of  the  strength  of  the  current  can 
be  produced  :  a.  For  both  currents,  by  varying  the  arrange- 
ment of  the  battery-glasses  and  the  action  of  the  hammer- 
spring,  t.  We  can  further  check  the  primary  current  by 
connecting  the  screw-stands  of  the  secondary  current  by 
means  of  the  attached  wire  bow,  and  by  lifting  the  spiral 
by  its  rod.  c.  If  in  using  the  secondary  current  the  wire 
bow  is  removed,  the  strength  of  the  current  is  increased 
when  the  spiral  is  lifted.  Various  attachments  are  found  in 
the  drawer  on  the  right  side  of  the  apparatus. 

The  larger  apparatus  difiers  from  the  smaller  in  that — 
a.  It  has  two  battery-glasses ;  h.  Its  hammer  is  better  con- 
structed, consisting  of  an  iron  beam  whose  recoil  is  regulated 
by  a  spiral  spring ;  c.  As  the  primary  current,  even  by  com- 
plete lifting  of  the  induction  spiral,  is  not  sufficiently  weak- 
ened for  certain  cases,  Stohrer  has  lately  added  a  copper 
tube  in  the  interior  of  the  induction  apparatus,  which,  lifted 
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by  a  small  graduated  rod,  slides  over  the  primary  spiral, 
and,  in  connection  with  the  elevated  closed  induction  spiral, 
reduces  the  primary  current  to  a  minimum. 

16.  Du  Bois-ReymonW s  wpparatus  is  most  conveniently 

Fig.  12. 


set  in  operation,  when  an  intense  current  of  no  great  dura- 
tion is  wanted,  by  means  of  a  small  Grove's  element ;  when, 
on  the  other  hand,  a  continuing  strong  current  is  needed,  it 
is  best  to  connect  it  with  one  or  two  Bunsen's  elements,  ac- 
cording to  its  size  which  are  filled  after  Poggendorf 's  direc- 
tion (see  page  14),  or  with  the  chamber-battery  of  Stohrer, 
described  on  page  104.  In  the  latter  case,  it  is  also  advisable 
to  use  the  greater  apparatus,  with  5|^-inches-long  magnetiz- 
ing and  induction  rolls,  whose  primary  spiral  consists  of 
about  500  windings  of  a  strong  wire  of  1.2  mm.,  and  whose 
secondary  of  about  10,000  windings  of  wire  of  0.25  mm. ; 
while,  when  using  Grove's  element,  the  smaller  apparatus, 
with  2J-inches-long  magnetizing  and  induction  rolls,  whose 
primary  spiral  consists  of  about  250  windings  of  a  strong 
wire  of  1.2  mm.,  and  whose  secondary  of  about  500  wind- 
ings of  0.25  mm.,  is  fully  sufficient. 

The  wire  going  from  the  zinc  pole  of  the  element  is  se- 
cured in  a  standard  on  the  front  end  of  the  apparatus,  which 
at  the  same  time  is  the  starting-point  of  the  magnetizing 
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spiral.    From  A  the  wire  passes  to  the  horse-shoe  B,  around 
which  it  forms  a  spiral,  and  then  goes  to  a  horizontal  wooden 
cylinder,  C,  filled  with  a  movable  bundle  of  iron  wires, 
around  which  it  also  winds  in  a  spiral  form,  and  ends  in  the 
brass  upright  D.     This  latter  is  secured  to  a  brass  piece,  -£*, 
which  at  its  front  end  is  pierced  for  the  reception  of  the 
steel  screw  J^.     The  conducting  wire  going  from  the  carbon 
(or  platinum)  connects  with  a  perpendicular  column,  G, 
which  receives,  above,  the  steel  spring  of  an  iron  hammer,  II, 
that,  as  soon  as  the  apparatus  is  set  in  motion,  strikes  unin- 
terruptedly on  the  steel  screw  I^  or  on  the  horse-shoe  B,  and 
thus  continues  or  breaks  the  connection  between  the  wires. 
The  positive  current  goes  then  from  the  carbon  of  the  element 
to  the  brass  column  G,  from  this  to  the  iron  hammer  H,  as 
far  as  the  point  of  contact  with  the  steel  screw  I",  thence 
through  the  brass  piece  ^  to  the  wire  of  the  wooden  cylin- 
der O;  it  then  passes  to  the  horse-shoe  B,  and  ends  in  the 
standard^,  which  receives  the  conducting  wire  coming  from 
the  zinc.     Besides  the  wooden  cylinder  filled  with  iron  rods 
already  mentioned,  the  apparatus  has  a  second,  /,  the  so- 
called  "  sled^"  which,  by  means  of  a  track  on  the  pedestal, 
can  be  moved  backward  and  forward  over  the  small  wooden 
cylinder,  and  may  cover  this  more  or  less  fully.    The  greater 
cylinder  is,  as  has  been  mentioned,  surrounded  by  a  twenty 
times  greater  number  of  windings  of  a  wire  which  has  about 
one-fifth  of  the  thickness  of  that  of  the  primary  wire ;  its 
beginning  and  end  are  taken  up  by  standards  placed  on  the 
posterior  part  of  the  apparatus,  which  serve  also  for  receiving 
the  conducting  wires  that  carry  the  current  of  the  second 
order  to  the  body  to  be  electrized.     The  extra-current  is 
conducted  from  I),  and  from  a  standard  near  by,  which  is 
by  means  of  a  wire  in  connection  with  A. 

The  extra-current  has  its  greatest  intensity  when  the 
bundle  of  iron  wires  is  shoved  fully  into  the  cylinder,  the 
sled  removed,  and  the  action  of  the  magnetizing  spiral  with- 
drawn ;  the  more  the  wire  bundle  is  pulled  out  and  the  sled 
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pushed  in,  the  weaker  is  the  current.  The  current  of  the 
second  order  has,  on  the  contrary,  its  greatest  intensity 
when  the  sled  fully  covers  both  wooden  cylinder  and  iron 
rods ;  the  more  the  rods  are  drawn  out,  the  sled  removed, 
and  the  action  of  the  magnetizing  spiral  diminished,  the 
weaker  is  this  current.  The  number  of  intermissions  may 
be  lessened  or  increased  by  the  greater  or  less  approxima- 
tion of  the  steel  screw  7^  to  a  platinum  plate  placed  on  the 
middle  of  the  hammer  H. 

Often  the  Du  Bois  apparatus  is  furnished  with  a  measur- 
ing-rod, graduated  to  inches  and  lines,  which  is  secured  to 
the  sled,  so  that  comparative  measurements  of  the  con- 
tractility of  different  muscles  at  one  time,  or  of  the  same 
muscle  at  different  times,  may  be  made.  Yet  this  arrange- 
ment is  mostly  superfluous  for  the  first  purpose,  and  for  the 
second  insufficient,  when  the  apparatus  is  not  at  the  same 
time  furnished,  as  is  Duchenne's,  with  a  compass,  which 
measures  the  strength  of  the  galvanic  element,  and,  if 
necessary,  regulates  it.  But  even  then  the  influence  of  the 
outer  temperature  of  the  dry  and  perspiring  skin — ^not  taking 
into  account  the  variation  which  the  apparatus  shows 
through  the  deposition  of  coal  on  the  platinum  plate,  through 
the  greater  or  less  approximation  of  the  steel  screw  to  the 
hammer,  etc. — is  so  considerable,  that  the  making  of  such 
measurements  is  not  worth  the  loss  of  time  required.' 


We  have,  in  the  previous  pages,  described  a  number  of 
magneto-electrical  and  volta-electrical  induction  apparatuses, 

^  [Among  the  various  forms  of  induction  apparatus  made  in  the  Uni- 
ted States,  that  of  Dr.  Jerome  Kidder,  of  New  York,  is  preferable  on  ac- 
count of  its  compactness,  its  slight  liability  to  derangement,  the  power  of  its 
several  currents,  and  the  uniformity  of  its  action.  It  furnishes  the  currents  of 
the  first  and  second  order.  The  galvanism  is  derived  from  either  one  or  two 
Smee's  cells,  according  to  the  size  of  the  apparatus.  The  box  contains  the  bat- 
teries, and  also  a  bottle  in  which  the  dilute  sulphuric  acid  employed  may  be 
kept  when  the  apparatus  is  not  in  use.  * 
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a  consideration  of  which  will  give  a  tolerably  complete  idea  of 
their  gradual  improvement.     As  to  the  first,  we  noticed  those 

Fig.  13  represents  the  galvanic  cell,  and  Fig.  14  the  whole  arrangement.  A 
full  description  of  the  apparatus  is  given  in  the  published  pamphlet  of  the  in- 
ventor.   Dr.  Kidder  also  makes  a  very  portable  apparatus. 


Pio.  13. 


Fig.  14. 


Fig.  15  shows  the  essential  parts  of  a  very  convenient  portable  and  suffi- 
ciently-powerful  induction  apparatus  devised  by  Dr.  Drescher,  of  New  York. 

Fig.  15. 


TI£MA  NN  &CO-N.y. 


It  is  set  in  action  by  a  Grenet's  cell,  a  very  convenient  forni  of  battery  com- 
posed of  a  zinc  and  two  carbon  plates,  which  dip  into  a  mixture  of  dilute  sul- 
phuric acid  and  bichromate  of  potash.      The  elements  are  contained  in  a  glass 
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which  have  a  movable  and  an  immovable  magnet ;  further, 
those  "which,  with  each  half  revolution  of  the  induction  spiral, 
conduct  currents,  having  different  directions,  to  the  body  to  be 
electrized,  and  those  which  always  transmit  currents  having 
the  same  direction.  All  deliver  only  currents  of  the  first  order. 
In  most  of  these  apparatuses  the  strength  of  the  current  is  reg- 
ulated by  means  of  the  greater  or  less  approximation  of  the 
magnet  to  the  induction  spiral,  through  the  action  of  a  screw 
behind  the  magnet,  and  by  a  keeper  placed  on  the  magnet. 
As  regards  tlie* first  point,  the  iron  is  less  strongly  magnetized 
with  its  greater  removal  from  the  magnet,  and  accordingly 
produces  less  strong  electrical  currents  in  the  copper  wire, 
while  the  keeper,  according  to  the  extent  of  its  surface  and 
its  nearness  to  the  poles,  participates  in  the  magnetic  power, 
and  leaves,  consequently,  less  for  the  production  of  the  in- 
duction current. 

Among  the  volta-electrical  apparatuses  we  noticed  first 
those  which  are  excited  through  an  inconstant  series,  and 
are  set  in  motion  by  means  of  a  turning  wheel ;  we  passed 
then  to  those  with  constant  current  and  wheel,  which  both 
lack  a  means  of  turning  the  latter ;  next  we  considered  the 
apparatuses  which  are  self-moving,  and  first  that  of  E'eef  and 
Wagner,  which  delivers  only  an  induction  current  of  the 
second  order,  the  strength  of  which  can  only  be  modified 
through  the  use  of  more  or  less  strong  acid,  or  through  the 
more  or  less  frequent  interruptions ;  and  we  closed  with 
Duchenne's,  Stohrer's,  and  Du  Bois-Keymond's  apparatuses 
and  their  modifications,  which  deliver  currents  of  the  first 
and  second  order,  and  allow  of  different  variations  of  the 
strength  of  the  current  in  the  most  convenient  way,  by 
means  of  metal  cylinders  or  sleds. 

jar,  tightly  closed  at  the  top,  and  so  arranged  that,  when  not  in  use,  the  zinc 
can  be  raised  from  the  solution.  The  coil  and  its  accessories,  as  seen  in  the 
cut,  are  contained  in  a  mahogany  box,  eight  inches  long  and  four  wide.  This 
battery  furnishes  the  secondary  current  only.  The  same  mechanician  manufac- 
tures a  still  more  portable  battery. — W.  A.  H.] 
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As  to  the  preference  wLich  one  class  of  induction  appa- 
ratuses lias  over  tlie  other,  we  would  say  that,  in  general, 
the  magneto-electrical  have  the  advantage  over  the  volta- 
electrical  in  that  they  need  no  preparation  for  use,  and  that 
their  working,  always,  or  at  least  for  a  very  long  time,  re- 
mains regular.  Through  the  frequent  moving  of  the  keeper 
it  is  true  that  the  power  of  the  magnet  in  the  end  suifers, 
but  this  is  soon  returned  by  the  stroking  movement.  On 
the  other  hand,  with  the  volta-electrical  apparatus  a  chemi- 
cal process  must  precede  its  action ;  moreover,  the  electrical 
current  loses  in  intensity  with  the  slackening  of  the  power  of 
the  galvanic  series,  which  necessarily  takes  place  after  some 
time ;  finally,  this  kind  of  apparatus  when  ill  use  produces 
injurious  gases,  which,  even  when  very  inconsiderable,  are 
disagreeable.  The  more-recently-constructed  volta-electrical 
apparatuses  have  the  advantage  that  in  their  working  no 
assistance  is  required,  that  the  intermissions  are  much  more 
frequent,  that  these  remain  regular  hour  after  hour,  which  is 
impossible  with  those  apparatuses  which  have  to  be  turned ;  * 
and  that,  finally,  two  kinds  of  currents  may  be  obtained  from 
them,  one  of  which  possesses  a  greater  electro-motor  power 
than  the  other. 

As  regards  the  last  point,  Duchenne  has  made  the 
interesting  observation  that  the  current  of  the  first  or- 
der works  especially  on  the  contractility  of  the  muscular 
fibres,  the  current  of  the  second  order  on  the  sensory  nerves 
of  the  skin,  and  he  has,  consequently,  ascribed  different 

^  Remak  has  constructed  a  sensitive  apparatus  for  counting  and  for  lessen- 
ing at  pleasure  the  number  of  shocks  in  a  given  time.  This  consists  of  a  clock- 
work placed  in  connection  with  the  conducting  wires  of  a  volta-electrical  appa- 
ratus ;  the  opening  and  closing  of  the  circuit  (the  action  of  the  spring  being 
arrested)  are  brought  about  by  the  pendulum ;  at  the  moment  when  it  reaches 
its  highest  point  the  spring  is  opened  by  the  lifting  of  a  small  chain — at  the 
moment  when  it  leaves  it,  through  the  sinking  of  the  same,  it  is  again  closed. 
By  lengthening  or  shortening  the  pendulum  we  may  produce  few  or  many  vibra- 
tions, and  consequently  few  or  many  intermissions.  By  the  same  contrivance 
we  can  change  any  constant  current  into  an  interrupted  one,  with  any  desired 
frequency  of  interruption. 


ADVANTAGES   OF  DIFFERENT  FORMS   OF   APPARATUS.      131 

actions  to  those  two  currents.  But  though  the  observa- 
tion be  correct,  the  explanation  is  unsatisfactory,  for  the 
reason  that  the  difference  in  the  action  of  the  two 
currents  is  due  to  the  difference  between  the  two  spi- 
rals in  which  the  currents  are  developed,  so  that  we  have 
here  before  us  a  consequence  of  Ohm's  law.  The  induced 
roll  consists  of  very  many  windings  of  an  exceedingly  fine 
wire,  the  inducing  of  a  much  smaller  number  of  windings 
of  a  thick  wire,  and  the  electro-motor  power  of  a  single 
winding  of  the  inducing  wire  is  stronger  than  that  of  a 
winding  of  the  secondary  wire.  Now,  it  is  true  that  the 
secondary  spiral  consists  of  a  much  greater  number  of  wind- 
ings, and  the  sum  of  the  electro-motor  power  is,  consequent- 
ly, greater ;  but,  as  the  resistance  increases  at  the  same  rate, 
so  the  proportion  remains  the  same,  and  the  extra  current  in 
the  inducing  roll  possesses  a  greater  intensity  than  the  cur- 
rent of  the  induction  spiral.  The  proportion  is  easily 
changed  with  the  addition  of  a  new  resistance.  If  this  is 
small,  as,  for  instance,  when  we,  for  irritating  a  superficial 
muscle  lying  under  the  skin,  place  moist  conductors  near 
one  another  on  the  moistened  epidermis,  the  extra  current 
is  the  most  serviceable,  because  the  quotient  of  the  electro- 
motor power  of  the  primary  spiral  through  the  sum  of  the 
conducting  resistance  of  the  wire  and  of  the  moist  tissue  is 
greater  than  that  of  the  greater  electro-motor  power  of  the 
secondary  spiral,  through  the  still  much  greater  resistance 
of  the  secondary  wire  together  with  that  of  the  moist  tissue. 
If  we  wish,  on  the  contrary,  to  electrize  the  skin  and  to  con- 
quer the  enormous  conducting  resistance  of  the  dry  epider- 
mis, the  proportion  changes  the  other  way,  and  we  operate 
much  more  successfully  with  the  secondary  current.  This 
is  also  the  reason  why  the  extra  current  often  is  not  suf- 
ficient for  irritating  deeply-lying  muscles,  while  the  second- 
ary current  is  able  to  overcome  the  resistance.  For  this 
reason  we  use,  for  physiological  and  pathological  investiga- 
tions, exclusively  the  volta-induction  apparatuses,  which  we 
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have  more  fully  to  notice  in  the  seventh  and  eighth  sections, 
while  for  therapeutical  purposes  the  magneto-induction  ap- 
paratuses take  their  place.  Though  these  are  not  equally 
serviceable  for  exciting  the  nerves  of  the  skin,  Stohrer's  be- 
ing, perhaps,  the  best  for  this  purpose,  they,  nevertheless, 
are  of  advantage  when  we  wish  to  produce  not  a  constant 
tetanus,  but  a  gradual  contraction  of  the  irritated  muscles, 
as  is  sometimes  advisable  in  obstetrical  cases.  Also,  we  can- 
not do  without  these  in  those  cases  where  we,  as,  for  in- 
stance, in  the  paralysis  of  certain  muscles  or  the  swelling  of 
joints,  etc.,  which  often  need  much  time  for  their  curing, 
must  leave  the  treatment  in  the  hands  of  the  unprofessional. 
In  such  instances  the  small  apparatus  of  Palmer  and  Hall 
or  of  Davis  and  Kidder  is  to  be  recommended  as  well  as  on 
account  of  its  cheapness. 

In  regard  to  the  volta-induction  apparatuses  described 
under  the  numbers  from  13  to  16,  Duchenne's  has  the  ad- 
vantage over  Du  Bois's,  when  used  for  therapeutical  pur- 
poses, that  we  can,  by  means  of  its  hammer  and  turning 
wheel,  to  a  much  greater  degree  vary  the  frequency  of  the 
shocks — while  through  the  greater  or  less  approximation  of 
the  steel  screw  to  the  hammer  of  Du  Bois's  apparatus  the 
number  of  intermissions,  it  is  true,  can  be  increased  or 
diminished,  yet  this  cannot  be  done  to  any  desired  degree. 
On  the  other  hand,  Du  Bois's  has  the  advantage  that  we 
can  by  the  use  of  the  sled  alone  regulate  the  strength  of  the 
current  at  any  moment  in  the  most  convenient  way  and  les- 
sen it  to  a  degree,  which  can  only  be  accomplished  in  Du- 
chenne's apparatus  by  the  combined  working  of  his  extin- 
guisher and  moderator.  Moreover,  Du  Bois's  apparatus,  the 
spring  of  which  is  not  set  in  motion  by  means  of  the  iron  core 
of  the  spiral,  but  by  a  small  horse-shoe  magnet  separated  from 
it,  allows  of  the  possibility  of  being  used  with  or  without  a 
greater  or  less  number  of  iron  rods,  and  so  furnishes  us  with 
a  ready  mode  of  checking  the  strength  of  the  current,  which, 
especially  when  the  rolls  are  near  one  another,  increases 
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very  rapidly  with  their  approximation.  Both  apparatuses 
have  in  common  the  failing  that  in  many  cases,  in  which 
the  electro-muscular  contractility  is  much  reduced,  their 
extra  current  is  not  sufficiently  strong.  Stohrer's  apparatus 
has  the  great  advantage  that  it  can  be  used  at  any  moment 
without  any  chemical  preparation,  that  it  is  free  from  all  the 
inconveniences  which  are  connected  with  the  frequent  filling 
of  the  element,  and  which,  especially  when  using  the  most 
compendious  and  strongest  Grove's  element,  are  not  to  be 
considered  slight — since  they  consist  not  only  in  a  loss  of 
time,  but  in  unavoidable  injury  of  the  hands  and  of  the  cloth- 
ing— on  the  other  hand,  especially  in  the  small  apparatus, 
the  spring  often  stands  still  and  its  motion  is  not  in  all  cases 
immediately  recovered ;  moreover,  the  secondary  current  even 
of  the  greater  apparatus  has  never  the  strength  that  it  has 
in  Du  Bois's  apparatus,  and  which  is  indicated,  namely,  in 
anaesthesia  of  a  high  degree,  or  where  we  wish  to  use  the 
current  as  a  diverting  means.  Finally,  an  addition  is  need- 
ed to  the  apparatus,  by  which  the  physician,  who  generally 
requires  both  his  hands,  for  electrizing,  can,  without  the 
assistance  of  others,  gradually  increase  the  strength  of  the 
current,  since  he  would  have  thereby  a  means  of  rendering 
the  application  painless,  as  is  desirable  in  all  cases,  especially 
with  children  and  sensitive  persons. 

17.  Modified  Du  Bois's  Ajpjparatus  from  the  establish- 
ment of  Siemens  and  Halske  (now  Kriiger  and  Hirsch- 
mann). 

In  order  to  remove  the  above-noticed  imperfections,  I 
have,  through  our  able  mechanics  Siemens  and  Halske, 
made  the  following  alterations  in  Du  Bois's  apparatus,  by 
which,  it  is  true,  the  price  is  considerably  raised  (since  it 
costs  60  thalers),  yet  it  now  answers  all  the  purposes  of 
physicians  who  occupy  themselves  especially  with  electro- 
therapeutics : 

1.  The  hammer  is  made  much  heavier,  and  is  so  con- 
structed that  it  can  be  almost  doubled  in  length,  by  which 
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means,  as  with  the  increase  in  length  of  the  pendulum  the 
number  of  vibrations  in  a  given  time  decreases,  their  fre- 
quency in  a  second  may  be  greatly  lessened.  Also,  in  order 
to  lessen  the  frequency  of  the  shocks  and  with  them  the 
pain,  a  second  metallic  spring  (similar  to  that  in  Erdmann's 
apparatus)  is  added  to  the  first,  which,  in  the  moment  when 
the  stronger  spring  leaves  the  electro-magnet  and  the  part 
of  the  body  to  be  electrized  receives  the  shock,  can  come 
into  action  to  lengthen  and  consequently  to  blunt  it. 

2.  In  order  to  make  the  extra  current  stronger,  the  sec- 
ondary spiral  is  so  altered  that  it  also  can  be  used  for  length- 
ening the  primary.  For  this  purpose  it  is  divided,  by  inter- 
rupted wooden  rings,  into  four  equal  divisions,  on  each  of 
which  there  is  coiled,  in  numerous  windings,  a  wire  one- 
quarter  as  thick  as  that  used  for  the  extra  current,  and  by 
means  of  a  cylinder  without  the  induction  spiral  it  can  be 
so  arranged  that,'  through  simply  turning  the  same  and 
altering  the  commutators :  «,  all  the  four  ends  and  begin- 
nings of  the  thin  wire  may  be  connected  with  one  another ; 
the  four  wires  may  be  disposed  parallel  with  one  another 
and  thereby  a  wire  as  thick  as  that  of  the  extra  current  may 
be  produced ;  or  J,  the  end  of  the  wire  of  the  first  division 
may  be  connected  with  the  beginning  of  that  of  the  second, 
the  end  of  the  wire  of  the  second  with  the  beginning  of  the 
third,  etc.,  the  wires  being  thus  disposed  one  after  the  other, 
and  in  this  way  a  sj^iral  perfectly  analogous  to  the  secondary 
spiral  of  the  earlier  apparatus,  and  four  times  as  long  and 
thin,  is  formed. 

The  figures  11  and  12  represent  the  course .  of  the  cur- 
rents of  the  first  and  second  orders,  and  in  both  figures  the 
direct  full  battery-current  is  indicated  by  thick  lines,  the 
four-times-divided  current  in  fig.  11  by  thin  lines,  and  the 
secondary  current  in  fig.  12  by  inten^upted  lines ;  the  thin 
lines  in  ■Q.g,  12  indicate  the  wires,  which,  by  this  arrangement, 
are  without  action. 

Let  us  follow  the  course  of  the  current  of  the  first  order 
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(extra  current).     (See  fig.  16.)    After  we  have  brought  the 
apparatus,  by  properly  arranging  the  commutators,  into  the 
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condition  in  which  the  current  is  lengthened  by  the  induc- 
tion spiral,  the  current  coming  from  the  zinc  pole  of  the 
battery  passes  into  the  apparatus  by  h  /  from  this  it  goes  to 
the  electro-magnet  c,  then  to  the  magnetizing  spiral  d,  then 
through  the  commutator  Y '  to  the  secondary  spiral.  There 
the  same,  by  arranging  the  cylinder,  is  brought  into  such  a 
position,  that  the  four  wire-beginnings  of  the  four  divisions 
A'  A''  A!''  A."'',  and  the  four  ends  of  these,  E'  W  E'^'  W'\ 
are  united  in  a  wire  four  times  as  thick,  through  which  the 
current  passes,  and  then  takes  its  course,  after  entering  the 
screw  which  serves  at  the  same  time  for  the  reception  of  a 
conducting  wire,  through  the  commutator  II  (Y")  to  the 
steel  screw  ^,  to  the  platinum  hammer,  to  the  brass  column 
A,  and  ends  in  the  carbon  of  the  battery.  The  screw  serving 
for  the  taking  up  of  the  conducting  wire  of  the  second  con- 
ductor is  also  placed  on  the  hind  end  of  the  sled ;  between 
this  and  the  point  of  entrance  of  the  battery  current  in 
5,  there  is  interposed  a  wire  by  means  of  the  commutator 

III(Y''0. 

In  order  to  use  the  induction  current,  the  commutator 
I  (Y')  is  rendered  entirely  inactive,  as  is  shown  in  ^g.  17, 
while  the  position  of  the  two  other  commutators  is  changed. 
Through  the  change  in  position  of  Y''^,  the  cylinder  f  is  at 
the  same  time  brought  into  a  position  in  which  the  wires  of 
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the  four  divisions  of  the  induction  spiral  are  arranged  one 
after  the  other. 


Fig.  17. 


The  current  of  the  first  order  goes  in  this  case  from  the 
zinc  pole  of  the  battery  to  the  screw  5,  to  the  electro-magnet 
(?,  to  the  magnetizing  spiral  d^  through  this,  and  returns,  in 
consequence  of  the  change  of  position  of  V,  through  the 
steel  screw  g  and  the  brass  column  h  to  the  carbon  of  the 
battery. 

The  induction  current,  on  the  contrary,  goes  from  V'  to 
the  beginning  of  the  induction  spiral  A',  passes  through  the 
first  division  to  the  end  E',  goes  from  here  to  the  beginning 
of  the  second  division  A'',  passes  through  this,  and  ends  in 
E'' ;  and  so  on  to  the  wire  end  of  the  fourth  division  YJ'" ^ 
whence  it  enters  the  screw  which  receives  the  conducting 
wire  of  one  of  the  conductors  used  for  electrizing  any  por- 
tion of  the  body.  After  it  has  passed  through  the  body,  it 
returns  by  way  of  the  second  conductor,  the  screw  and  the 
track  on  the  pedestal,  to  the  commutator  III  (V')-  -^^  ^^ 
seen  by  this  arrangement,  a  portion  of  the  wire  is  inactive, 
which  is  indicated  by  the  thin  lines. 

3.  In  order  conveniently  to  regulate  the  strength  of  the 
current,  I  have  attached  to  the  front  face  of  the  chest  on 
which  my  apparatus  is  secured  a  movable  foot-board,  which 
preserves  whatever  position  is  given  it  by  the  foot.  From 
the  front  end  of  this  board  a  strong  brass  wire  rises  perpen- 
dicularly, and  passes  into  a  perforated  brass  piece,  in  which 
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it  moves  with  the  foot-board  here  and  there.  The  brass 
piece  is  also  secured  to  the  chest,  and  serves  at  the  same 
time  to  take  up  a  conducting  wire  which  brings  about  the 
connection  with  the  sled.  On  the  perpendicular  brass  rod 
there  is  secured  a  horizontal  one,  from  which  a  second  ver- 
tical one  dips  into  a  glass  tube  (moderator)  of  about  six 
inches  length,  which  is  held  in  place  by  a  brass  support.  If 
I  press  with  my  heel  on  the  hinder  end  of  the  foot-board,  its 
front  end  is  lifted,  and  with  it  the  wire  secured  to  it,  as  well 
as  the  one  dipping  into  the  water-tube ;  if  I  lower  the  point 
of  my  foot,  the  wire  sinks  in  the  same  proportion  into  the 
water.  Things  are  so  arranged,  that  the  current,  before  it 
passes  into  the  body  to  be  electrized,  must  traverse  the  water- 
column  ;  hence,  through  the  action  of  the  foot,  we  have  a 
convenient  means  of  increasing  the  strength  of  the  current 
slowly  and  gradually  to  any  desired  degree,  and  also  almost 
imperceptibly.  This  simple  contrivance,  of  the  usefulness 
of  which  I  have  satisfied  myself,  can  be  attached  to  all  volta- 
induction  apparatuses. 


The  current-deliverers  (electrodes,  conductors,  excitors) 
consist,  in  the  most  convenient  form,  of  straight  or  a  little 
curved  metallic  wires,  with  isolated  handles,  and  tips  of 
various  kinds  ;  sometimes  these  are  rounded,  sometimes  they 
consist  of  small  or  large  buttons,  sometimes  they  are  olive- 
shaped,  and  are  covered  with  fine  soft  sponge.  Frequently, 
a  metallic  cylinder  adapted  to  receiving  a  small  sponge  is 
used,  but  oftener  metallic  tongs  into  which  sponges  of  various 
sizes  are  secured ;  finally,  small  brushes  of  silver  or  gold  wire 
often  take  the  place  of  these.  I  have  added  to  these  an  in- 
terrupter, by  which  we  are  able  in  certain  cases,  without  re- 
moving the  conductor  from  the  skin,  to  produce  single 
powerful  shocks.  For  this  purpose  there  is  introduced,  be- 
tween the  metallic  cylinder,  which  receives  the  conducting 
wire,  and  the  metallic  rod,  immediately  above  the  handle,  an 


138  ELECTRODES. 

isolator,  three-quarters  of  an  incli  long,  prepared  of  india- 
rubber  or  ivory,  which  comes  into  play  only  when  we  sepa- 
rate from  this,  by  the  pressure  of  the  finger,  the  spring, 
which  makes  the  connection  between  the  handle  and  the  me- 
tallic rod.  Besides  these,  other  contrivances  are  used  for 
reaching  certain  organs  —  for  instance,  the  bladder,  the 
oesophagus,  etc. — of  which  we  will  speak  in  the  sixth  sec- 
tion. In  order  to  prevent  the  oxidation  which  after  long 
use  takes  place  on  the  points  of  the  different  tips,  we  cover 
them  with  thin  platinum  plate  or  use  the  so-called  un- 
polarizable  electrodes,  which  Stohrer  has  made  from  pre- 
pared coal  after  the  directions  of  Du  Bois-Eeymond.  To 
diminish  the  conducting  resistance  of  the  skin,  the  con- 
ductors are  placed  in  warm  water  (30°  to  40°  R.),  or  the 
skin  itself  is  moistened  therewith.  The  conducting  wires, 
finally,  which  make  the  connection  between  the  apparatus 
and  the  conductors,  consist  of  metallic  wire  covered  with 
silk,  so  as  to  prevent  the  escape  of  sparks,  which,  with  a 
very  strong  current  and  moist  wires,  is  sure  to  take  place ; 
these  may  be  covered  with  tliin  rubber. 


SIXTH   SECTION 


METHODS  OF  USING  INTERRUPTED  AND  CONSTANT  CURRENTS. 

Duchenne,  De  P^lectrisation  localisee,  2e  edit.,  1861  {I.  c,  pp.  4*7-102).  Rich- 
ters  Bericht  iiber  die  electro-physiologischen  Arbeiten  des  Dr.  Duchenne 
de  Boulogne  (in  Schmidt's  Jahrbiichern,  Band  Ixxx.,  p.  258,  et  seq.).  Dr. 
B.  A.  Erdmann,  Die  ortliche  Anwendung  der  Electricitat  in  Bezug  auf 
Physiologic,  Pathologic  und  Therapie,  Leipzig,  1860,  pp.  70-164.  R.  Re- 
mak,  Ueber  methodische  Electrigirung  gelahmter  Muskeln,  Berlin,  1856. 
Dr.  H.  Ziemssen,  Die  Electricitat  in  der  Medicin,  3.  Aufl.,  Berlin,  1866. 
Prof.  A.  Pick,  Einige  Bemerkungen  iiber  die  neuere  Electrotherapie  vom 
physikalisch-physiologischen  Standpunkte,  in  der  Wiener  Medic.  Wochen- 
schrift,  1856,  Nos.  48  und  49.  Prof.  A.  Pick,  Die  medicinische  Physik, 
Braunschweig,  1856,  p.  454,  et  seq.  J.  Rosenthal,  Physikalische  und  physio- 
logische  Bemerkungen  iiber  Electrotherapie,  in  der  Deutschen  Klinik,  1858, 
Nos.  3  und  4.  J.  Rosenthal,  Electricitatslehre  fiir  Mediciner,  Berlin,  1862, 
p.  158,  et  seq.  Brenner,  Versuche  zur  Begriindung  einer  rationellen  Methode 
in  der  Electrotherapie,  genannt :  die  polare  Methode  (Petersb.  Med.  Zeit- 
schrift,  1862,  Band  iii.,  p.  25Y,  et  seq.). 

Though  we  have  for  a  long  time  endeavored  to  direct 
tlie  electrical  current,  for  therapeutical  purposes,  into  cer- 
tain diseased  organs,  parts  of  organs,  or  tissues,  and  to  avoid 
the  neighboring  parts  as  much  as  possible  ;  though  we  have 
succeeded,  for  instance,  in  electrizing  individual  muscles,  in 
conducting  the  electrical  current  into  the  bladder,  etc.,  and 
have  further,  in  order  to  avoid  the  burning  of  the  skin,  cov- 
ered the  exciters  with  soft  moist  leather,  and,  on  the  con- 
trary, when  we  wished  to  irritate  the  skin,  have  placed  the 
metallic  plate  on  its  dry  surface — ^yet,  to  Duchenne  is  due 
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the  honor  of  having  systematically  introduced  local  galva- 
nization or  faradization,  of  having  extended  it,  and  of  having 
given  to  it  technical  terms.  It  was  reserved  for  German  sci- 
ence and  thoroughness,  scientifically  to  maintain  and  estab- 
lish what  French  practical  tact  without  understanding  had 
discovered. 

Duchenne  based  his  method  on  the  following  observa- 
tions :  1.  If  we  place  two  dry  electrodes  on  a  dry,  hard  skin, 
there  appear,  at  the  points  of  contact,  sparks  accompanied 
with  a  peculiar  crackling.  2.  If  in  such  a  case  we  moisten 
one  electrode,  a  superficial  sensation  is  perceived  at  the  point 
which  is  in  communication  with  the  dry  electrode.  3.  If  we 
moisten  a  little  the  skin,  the  epidermis  of  which  is  thick,  un- 
der both  electrodes,  there  follows  a  strong  superficial  sensation, 
but  no  sparks  nor  crackling.  4.  If  both  skin  and  electrodes 
are  considerably  moistened,  neither  sparks,  crackling,  nor 
burning  are  perceived  at  the  points  of  contact,  but  phe- 
nomena of  contraction  connected  with  a  corresponding  sen- 
sation. 

We  are  thus  able  to  allow  the  electrical  current  to  act 
only  on  the  skin  or  on  the  tissues  lying  under  it.  Duchenne 
discovered  that  the  first-mentioned  phenomena — sparks, 
crackling,  and  burning — are  the  result  of  irritating  the  skin 
alone,  and  that  the  last  mentioned — the  contractions  and  the 
accompanying  sensation — are  the  result  of  the  irritation  of 
the  muscles  or  nerves  alone.  Two  pathological  cases  led 
him  to  these  conclusions.  He  placed  the  dry  electrodes  on 
the  exposed  crueus  muscle  of  a  woimded  person :  there  fol- 
lowed contraction,  accompanied  with  a  peculiar  constricting 
sensation  ;  the  dry  electrodes  laid  on  a  muscle  covered  with 
uninjured  skin  produced  a  sensation  of  burning,  but  no  muscu- 
lar contractions ;  the  electrodes  (covered  with  moist  sponges) 
now  placed  on'the  same  part  of  the  skin  induced  again  mus- 
cular contractions,  with  their  accompanying  sensation.  A  sec- 
ond wounded  person  had  the  radial  nerve  at  the  lower  part 
of  the  forearm  destroyed,  and  there  followed  loss  of  electrical 
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contractility  and  sensibility  in  the  muscles  of  the  posterior 
part  of  the  forearm,  while  the  sensibility  of  the  skin,  its 
nerves  not  being  injured,  remained  fully  normal.  In  this  case 
dry  electrodes  placed  on  different  parts  of  the  forearm  always 
produced  an  intense  burning,  while  moist  sponges  on  the 
back  part  of  the  forearm  excited  neither  contraction,  nor 
the  usually  accompanying  sensation. 

In  order  to  irritate  the  skin,  Duchenne  uses  three  different 
methods:  1,  the  electrical  hand;  2,  entire  metallic  elec- 
trodes ;  3,  metallic  threads.  In  the  first  method,  which  is 
used  only  for  the  face,  and  in  exceedingly  irritable  patients 
for  other  parts  of  the  body,  the  physician  places  one  moist 
sponge,  connected  with  a  polar  wire,  on  a  tolerably  sensitive 
part  of  the  patient,  for  instance  on  the  sacro-lumbar  region 
or  on  the  sternum,  and  taking  the  other  electrode  in  his  hand 
passes  his  fingers  slowly  over  the  perfectly  dry  affected  part 
of  the  skin.  In  order  to  irritate  the  skin  or  other  parts  of  the 
body,  entire  metallic  electrodes  are  used,  and  carried  back- 
ward and  forward  over  the  dry,  or,  when  it  is  very  hard, 
somewhat  moistened  epidermis.  If  we  wish  to  excite  pow- 
erfully a  small  circumscribed  spot,  we  hold  on  it  for  a  long 
time  the  point  of  an  olive-formed  or  round  electrode.  The 
metallic  brush,  with  which  we  either  strike  the  skin 
(electrical  scourging),  or  act  on  the  same  spot  as  long 
as  the  patient  can  endure  it  (electrical  moxa),  we  use 
for  irritating  the  surfaces  of  the  hands,  the  soles  of  the 
feet,  and  in  very  sensible  parts  of  the  skin,  by  drawing 
it  over  the  surface.  Later  we  will  consider  the  special  dis- 
eases, in  which  the  electrical  irritation  of  the  skin  is  service- 
able :  here  we  will  only  remark,  that  the  local  effect  at  most 
remains  local,  and  that  we  must  consequently,  when  we 
wish  to  excite  a  considerable  extent  of  the  surface  of  the 
skin,  subject  it  in  all  its  parts  to  this  treatment.  In  those 
points  which,  in  the  normal  condition,  possess  a  high  degree 
of  sensitiveness,  it  is  well  to  begin  with  mild  action,  gradu- 
ally increasing  it,  and  as  soon  as  a  distinct  sensation  is  pro- 
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duced  (especially  in  the  face)  to  return  to  the  less  irritating 
method. 

In  order  to  excite  the  motor  nerves  or  the  muscles, 
we  place  the  moist  electrodes  as  near  to  one  another 
as  possible  on  the  parts  of  the  skin  immediately  over 
these  organs.  As  to  the  reason  for  this,  we  must  first 
remark  that  the  extent  of  local  galvanization  cannot  be 
so  well  indicated  as  if  the  muscle  or  tissue  were  imme- 
diately in  contact  with  the  conductors,  and  were  alone 
acted  on  by  the  electrical  current.  The  current  here  direct- 
ed from  without  to  any  part  of  the  body  is  most  intense 
at  its  points  of  entrance  and  exit,  yet  it  nevertheless  spreads 
itself  throughout  the  whole  body.  "  Not  only  does  the  cur- 
rent," says  Du  Bois-Eeymond,^  "  pass  through  every  mole- 
cule and  part  of  a  muscle,  but  also  in  its  natural  position 
through  the  bones,  nerves,  vessels,  tendons,  etc.,  in  contact 
with  it:  when  the  thigh  is  bent  upon  the  abdomen,  the 
lower  leg  on  the  thigh,  the  current  passes  through  each 
molecule  of  an  abdominal  or  thigh  muscle  over  the  entire 
foot,  lower  leg,  thigh,  abdomen  with  all  its  viscera,  and,  if 
the  leg  is  placed  in  water,  or  is  brought  in  connection  with 
a  conducting  arch,  into  the  water  or  the  conducting  wire." 

If  Du  Bois-lleymond  could  announce  in  its  generality 
this  proposition  in  regard  to  the  current  of  the  animal  body 
which  is  appreciable  only  through  a  powerful  multiplicator, 
how  much  more  valid  is  it  where  palpable  currents  from 
without  enter  the  body !  Here  the  current  spreads  itself 
between  its  in-  and  out-going  points  in  all  directions  and 
through  all  open  paths.  But  the  intensity  of  the  current  is 
not  equal  in  all  parts.  This  depends  on  different  circum- 
stances. 1.  On  the  length  of  the  way  between  the  point  of 
entrance  and  the  point  of  exit.  As  the  strength  of  the  elec- 
trical current  decreases  according  to  the  length  of  an  inter- 
calated metallic  wire,  so  is  its  intensity  lessened  according 
to  the  distance  between  the  poles ;  consequently,  when  the 

'  L.  c,  Bd.  i.,  p.  68'7. 
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metallic  conductors  are  placed  on  the  dry  skin  one  inch 
apart,  they  produce  a  much  more  powerful  sensation  than 
when  they  are  applied  at  a  distance  of  a  foot  from  one  an- 
other. 2.  The  current  is  strongest  in  the  direct  line  which 
is  the  shortest  distance  between  the  conductors  ;  its  intensity 
decreases  with  the  length  of  the  curved  way  which  we  con- 
ceive to  lie  between  the  points  of  entrance  and  exit.  Let  us 
take  an  example,  which  Fick  *  has  given  and  illustrated  by 
a  diagram,  and  lay  one  moist  electrode  on  the  top  of  the 
shoulder  and  the  other  on  the  forearm ;  all  the  curves, 
which  the  current,  in  order  to  reach  from  one  point  to  an- 
other, can  pass  over,  are  of  tolerably  equal  lengths,  and  con- 
sequently of  tolerably  equal  resistance ;  the  electricity  in 
this  case  will  distribute  itself  tolerably  equally  over  the 
whole  arm,  and,  moreover,  when  a  not  very  strong  current 
is  used,  the  density  will  not  be  at  any  point  so  great  as  to 
excite  muscular  action.  Had  we,  on  the  contrary,  laid  the 
two  moist  conductors  near  one  another  on  the  M.  deltoideus, 
the  ways,  which  the  current  could  pass  over,  in  order  to  go 
from  one  conductor  to  another,  would  be  quite  different  as 
to  their  length,  and  the  intensities  of  the  current  in  the  va- 
rious curves  would  correspondingly  differ :  even  with  a  weak 
current  the  intensity  in  the  direct  line  between  the  con- 
ductors would  be  sufficient  to  produce  a  strong  contraction 
of  the  deltoideus,  while  no  disturbance  of  the  neighboring 
muscles,  the  biceps  and  pectoralis,  would  be  visible.  Ap- 
parent exceptions  to  this  law  are  found  in  the  physics  of  the 
nerves — when,  for  instance,  we  excite  a  part  of  the  K.  ischi- 
adicus,  there  follows  a  clonic  or  tonic  spasm  of  the  whole  leg 
even  to  the  point  of  the  foot,  and  all  the  muscles  supplied 
from  the  N.  ischiadicus  become  contracted ;  contraction  of 
the  uterus,  when  one  electrode  is  laid  on  the  vaginal  portion 
and  the  other  on  the  foot,  is  to  be  attributed  to  the  reflex 
action  of  the  nerves  of  the  neck  of  the  womb,  etc.  3.  With 
different  conductors  the  strength  of  the  current  is  directly  as 

» L.  c,  457. 
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their  conducting  power.  On  this  law  depends  the  use  of  moist 
sponges  for  electrizing  the  muscles,  metallic  plates  or  electri- 
cal brushes  for  exciting  the  skin.  Let  us  first  place  the  two 
electrodes  armed  with  moist  sponges  on  the  well-moistened 
epidermis— the  points  covered  by  these  are  easily  penetrated 
by  the  current  which  distributes  itself  to  the  parts  lying  un- 
der, and,  when  strong,  to  those  in  the  direct  line  between 
the  electrodes,  and  causes  contraction  of  the  muscles  through 
acting  on  the  sensory  and  motor  nerves.  If  we  now,  on 
the  contrary,  hold  two  metallic  plates,  or  better,  two  brushes 
of  thin  brass  wire,  on  the  same  spots  free  from  moisture,  the 
dry  epidermis  presents  so  powerful  a  conducting  resistance 
to  the  current  that  the  same  amount  of  electricity  is  not  suf- 
ficient to  cause  contractions  in  the  muscles  lying  under  the 
skin.  Yet,  especially  in  using  the  brush,  where  the  skin"  is 
touched  only  at  certain  small  points,  the  intensity  of  the 
current  is  so  great  that,  where  it  breaks  through  the  skin, 
it  excites  the  sensory  nerve-fibres  powerfully,  and  causes,  by 
continued  action,  erythema,  blistering,  and  in  certain  cases 
suggillation. 

In  order  to  obtain  the  greatest  possible  irritation  of 
the  nerves  of  the  skin,  we  give  one  electrode  the  form 
of  a  plate  covered  with  sponge  and  place  this  on  the 
moistened  skin,  and  apply  the  metallic  brush  as  a  second 
electrode  on  the  dry  skin;  by  this  means  we  reduce  the 
enormous  conducting  resistance  of  the  epidermis,  which  the 
current  by  the  use  of  two  brushes  has  twice  to  overcome, 
almost  to  one-half,  and  thereby  double  the  strength  and 
intensity  of  the  current.  It  is  otherwise  when  acting  on 
the  muscles.  Here  Duchenne  recognizes  a  direct  and  an 
indirect  faradization,  of  which  the  first  is  produced  through 
contact  of  the  parts  of  the  skin,  over  the  muscle  to  be  ex- 
cited, with  moist  conductors .;  the  second  through  irritation 
of  the  nerves  supplying  the  muscle. 

It  did  not  escape  the  keen  observation  of  Duchenne 
that,    in    direct    muscular    irritation,   some    muscles    con- 
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tract  more  energetically  and  promptly  when  acted  on 
at  certain  points  than .  at  others,  under  apparently  the 
same  conditions.  Remak  found  in  his  investigations  that 
these  points  were  the  points  of  entrance  of  the  motor 
nerves  into  the  muscles,  and  set  it  down  as  a  rule,  that, 
in  order  to  obtain  with  the  weakest  possible  currents  the 
strongest  contractions  possible,  the  point  of  one  conductor 
must  be  placed  on  the  entrance  of  the  motor  nerve  into 
the  muscle,  the  other  in  its  immediate  neighborhood — a  law 
of  the  greatest  importance  for  electro-therapeutics,  because 
by  following  it  we  are  able,  with  proportionably  weak  cur- 
rents, to  excite  strong  contractions  in  a  less  painful  way. 
Remak  called  this  method  extrormuscular  excitation,  in  dis- 
tinction from  intra-muscular  (Duchenne's  direct). 

The  cause  of  this  lies,  on  the  one  hand,  in  the  greater  elec- 
trical irritability  of  the  nerves  compared  with  that  of  the  mus- 
cles ;  ^  on  the  other  hand,  in  the  greater  density  of  the  current 
resulting  from  the  application  of  small  pointed  conductors  to 
the  entrances  of  the  nerves  into  the  muscle,  contrasted  with 
the  broad  conductors  which  we  place  on  the  muscle.  It  yet 
remains  to  be  proved  that  Remak's  observation  extends  to  all 
cases,  that  is,  that  all  muscles  are  accessible  to  irritation  at 
the  points  of  entrance  of  the  nerves,  and  then,  through  dia- 
grams, to  lighten  for  the  physician  the  labor  of  finding  the 
motor  points. 

Ziemssen  has  turned  his  attention  to  both  these  propo- 
sitions in  the  before-cited  paper.  As  regards  the  first,  he 
found  that  the  irritation  of  the  points  of  entrance  of  the 
nerves  was  by  no  means  practicable  in  all  muscles,  because 
on  the  one  hand  many  irregularities  occur  in  the  course 
and  ramifications  of  the  nerves,  as,  for  instance,  in  the 
!N".  facialis,  again,  in  the  shoulder  and  thorax  nerves  going 

^  CI.  Bernard  found  that  the  different  organs  required,  for  the  exciting  of 
their  functional  activity  in  the  physiological  condition,  very  different  amounts 
of  electricity,  the  muscles  much  more  than  the  nerves.  Of  the  nerves,  the 
motory  are  more  irritable  than  the  sensory^  etc.  (Gaz.  M6d.  de  Paris,  20 
Fevrier,  1858.— Gaz.  hebdomad.,  20  AoAt,  1858,  p.  596.) 
10 
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out  from  the  pars  supraclavicularis  of  the  plexus  brachialis, 
finally  and  chiefly  in  the  nerves  of  the  lower  extremities, 
which  render  the  finding  of  the  desired  points  very  diffi- 
cult. On  the  other  hand,  the  nerves  frequently  enter  the 
muscles  at  a  considerable  distance  from  the  surface  of  the 
body,  for  instance  in  the  interosseus,  in  the  Mm.  radialis, 
extern,  long.,  splenius  capitis,  latissimus  dorsi,  teres  major, 
semimembranosus,  semitendinosus,  etc.,  for  the  exciting  of 
which  we  must  always  resort  to  intermuscular  irritation. 
To  satisfy  the  second  proposition,  Ziemssen  has  made  tables 
to  enable  us  easily  to  find  the  motor  points  on  the  living 
body.  In  order  to  ascertain  these,  after  he  had  placed  the 
conductor  of  the  positive  pole  on  the  sternum,  he  sought  to 
bring  a  fine-pointed  conductor  of  the  negative  pole  on  the 
most  superficial  point  of  the  motor  nerve,  which  he  marked 
with  lunar  caustic,  and  called,  after  he  had  found  it  again  in 
the  dead  body  on  the  corresponding  spot,  the  motor  point. 

Especially  for  indirect  (extra-muscular)  faradization  of 
the  muscles  is  an  exact  anatomical  knowledge  of  the  course 
of  the  nerves  and  of  their  more  or  less  superficial  position  in 
the  different  regions  of  their  course  necessary,  in  order  to 
reach  them  at  those  points  where  the  action  of  the  current 
will  be  the  most  serviceable.  We  will  mention  the  most  im- 
portant points,  but  must  refer  to  Ziemssen's  paper  for  the 
more  exact  study  of  the  motor  points. 

The  trunk  of  the  N.  facialis  can  be  irritated,  according 
to  Duchenne,  most  conveniently  from  the  outer  ear-passage, 
by  introducing  one  moist  conical  electrode  into  the  ear- 
passage,  and  pressing  it  toward  the  lower  side.  This  method 
is,  however,  injudicious,  because  it  is  painful  and  unsatisfac- 
tory, since  powerful  contractions,  which  Duchenne  himself 
saw  induced  on  the  corresponding  side  of  the  face,  are  caused 
when  the  circuit  is  closed  by  placing  the  second  electrode  on 
the  parotid  gland.  Less  painful,  but  acting  only  with  spare 
persons,  is  the  irritation  of  the  K.  facialis  after  its  exit  from 
the  for.  stylomastoideum,  by  placing  one  thin   electrode 
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close  under  the  ear,  between  the  proc.  mastoidens  and  the 
angle  of  the  lower  jaw.  The  greater  branches  of  the  pes 
anserinus  are  easily  acted  on  at  their  passage  through  the 
parotid,  and  cause  contractions  of  the  muscles  supplied  from 
the  rami  temporalis,  or  zygomatici,  or  buccales,  etc. 

The  1^.  vagus  must  be  faradized  on  the  lower  half  of  the 
neck,  between  the  art.  carotis  commun.  and  vena  jugularis ; 
and  the  N".  laryngeus  inf.  in  the  bifurcation  between  the 
oesophagus  and  trachea.  The  ramus  extern,  of  the  !N".  acces- 
sorius  is  in  its  entire  course,  from  its  exit  from  the  ]^.  sterno- 
cleido-mastoideus  to  its  entrance  into  the  M.  trapezius,  super- 
ficial and  easily  reached.  The  ]^.  hypoglossus  lies  tolerably 
superficially  directly  under  the  cornu  majus  of  the  hyoid 
bone,  between  the  M.  stylohyoideus  and  hyoglossus. 

In  order  to  electrize  the  diaphragm,  we  find  the  anterior 
border  of  the  M.  scalenus  ant.  by  pulling  the  skin  inward  with 
two  fingers  placed  on  the  outer  border  of  the  M.  sterno-cleido- 
mastoideus.  Without  discontinuing  the  action  of  the  fingers, 
we  separate  them  sufficiently  to  introduce  between  them  a  nar- 
row moist  conductor,  which  then  presses  directly  on  the  N. 
phrenicus.  After  we  have  done  the  same  thing  to  the  other 
side,  we  allow  the  induction  apparatus  to  work  rapidly  and 
powerfully.  The  two  phrenici,  in  this  way  equally  excited, 
cause  immediately  strong  lieavings  of  the  chest,  with  rushing 
of  air  into  the  lungs.  The  plexis  brachialis  is  to  be  acted  on 
in  the  supra-clavicular  region,  between  the  M.  scalenus  ant. 
med. 

The  thoracic  and  scapular  nerves  springing  from  the 
pi.  brachialis  allow  of  individual  irritation  when  the  in- 
tegument is  not  too  thick,  but  the  frequent  irregularity  in 
their  course  must  be  taken  into  consideration ;  the  N.  dorsa- 
lis  scap.  may  be  electrized  directly  under  the  IS",  accessorius 
Willisii,  on  the  edge  of  the  M.  trapezius ;  the  Nn.  thoracici 
posteriores,  after  their  passage  through  the  M.  scalenus  med., 
directly  over  the  clavicle,  and  not  far  from  the  trapezius ; 
the  'N.   suprascapularis,  frequently  outward  from  the  M. 
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omohyoideus,  before  the  entrance  into  the  incisura  scapulae ; 
the  l^n.  thoracic!  anteriores  are  most  easily  reached  under 
the  clavicle  on  the  upper  edge  of  the  M.  pectoralis  maj. 

Among  the  nerves  of  the  arm,  the  'N.  axillaris  may  be  elec- 
trized at  the  upper  part  of  the  posterior  border  of  the  axilla ; 
the  ]Sr.  musculo-cutaneus,  after  its  passage  through  the  M.  cora- 
co-brachialis,  in  the  fork  between  this  and  the  M.  biceps.  The 
]Sr.  medianus  may  be  most  surely  excited  on  the  lower  third 
of  the  humerus,  after  it  has  passed  to  the  inner  side  of  the 
art.  brachialis.  Irritation  of  the  medianus  causes,  besides 
the  painful  sensations  in  the  region  of  the  branches  of  the 
forearm  and  fingers,  powerful  pronation  of  the  forearm, 
turning  of  the  hand  toward  the  radial  side,  and  closing  of 
the  fingers.  The  InT.  ulnaris,  electrized  in  the  channel  be- 
tween the  olecranon  and  the  condylus  int.  humeri,  produces, 
besides  the  sensations  of  pain  in  the  region  of  the  ram.  pal- 
maris  longus  (in  the  skin  of  the  lower  part  of  the  inner  sur- 
face of  the  forearm  as  far  as  the  palm  of  the  hand),  a  con- 
traction of  the  M.  flexor  carpi  ulnaris,  of  the  M.  flexor 
digitorum  profundus,  of  the  Mm.  interossei,  lumbricales 
tert.  et  quart.,  of  the  muscles  of  the  little  finger,  and  of  the 
M.  adductor  pollicis.  The  IST.  radialis  is  most  accessible  to 
electrical  irritation  at  the  point  of  union  of  the  middle  and 
lower  third  of  the  upper  arm,  where  it,  appearing  from 
under  the  M.  triceps,  passes  to  the  outer  side  of  the  arm, 
which  causes,  in  addition  to  the  painful  sensations  on  the 
outer  side  of  the  upper  and  forearm  as  far  as  the  wrist,  con- 
tractions of  the  Mm.  sup.  brevis,  extensor  carpi  rad.  and 
uln.,  extensor  digit-comm.,  extensor  indicis,  extensor  digiti 
minim,  prop.,  extensor  pollicis  long,  and  brev.,  and  abductor 
pollicis — ^finally,  supination  of  the  forearm,  with  complete 
extension  of  the  hand  and  of  the  thumb,  extension  of  the 
first  phalanges  of  the  fingers,  and  slight  bending  of  the  last 
phalanges. 

The  N.  cruralis  may  be  electrically  reached  after  its  pas- 
sage under  Poupart's  ligament  on  the  outer  side  of  the  art. 
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cruralis ;  then  follows  energetic  extension  of  the  lower  leg, 
accompanied  with  painful  sensations  in  the  region  of  the  N. 
saphenus  major,  minor,  and  cutaneus  femoris  ant.  and  med., 
also  on  the  front  and  inner  sides  of  the  thigh,  the  knee,  and 
of  the  inner  surface  of  the  lower  leg  as  far  as  the  great  toe. 
The  N.  obturatorius  may  be  excited  at  the  for.  obturatorium 
by  placing  the  electrode  perpendicularly  against  the  hori- 
zontal branch  of  the  os  pubis  and  pressing  hard  on  the  skin 
and  M.  pectineus.  The  irritation  causes  a  strong  and  pain- 
ful adduction  of  the  thigh.  The  ]N".  ischiadicus  may  be  elec- 
trized either  at  its  origin  in  the  pelvis  through  the  hind  wall 
of  the  rectum,  or  after  its  exit  from  the  incisura  ischiadica 
major  behind  the  head  of  the  thigh ;  there  follows  powerful 
bending  of  the  lower  leg,  with  painful  sensations  in  the  re- 
gion of  the  sensory  branches  of  the  ischiadicus,  also  in  the 
entire  lower  leg  and  foot.  The  'Nn.  peronseus  and  tibialis 
lie  most  superficially  in  the  knee-pan ;  the  first,  accessible 
immediately  on  the  hinder  edge  of  the  capitulum  fibulae, 
causes  a  contraction  of  the  Mm.  peronsei,  tibialis  anticus,  ex- 
tensor digitor.  comm.  long,  and  brevis,  and  extensor  hallucis 
longus,  with  sensations  in  the  skin-nerves  of  the  back  of  the 
foot.  The  IN",  tibialis,  irritated  in  the  middle  of  the  bend 
of  the  knee,  produces  energetic  contractions  of  all  the  mus- 
cles on  the  hinder  part  of  the  lower  leg,  and  on  the  sole  of 
the  foot,  as  well  as  painful  sensations  in  the  calf  of  the  leg 
and  sole  of  the  foot. 

On  the  above  points,  or,  where  we  wish  to  excite  an 
individual  muscle,  at  the  point  of  entrance  of  the  motor 
nerve  into  the  muscle,  the  negative  pole  is  always  placed,  as 
acting  the  stronger  both  on  the  sensory  and  motor  nerves, 
while  the  other  electrode  closes  the  circuit  by  being  placed 
on  the  muscle  itself.  On  the  one  hand,  we  thus  make  the 
weakening  of  the  current  between  the  two  electrodes  as 
slight  as  possible ;  and,  on  the  other,  we,  moreover,  act  on, 
not  only  the  motor  nerve,  but  the  branches  running  through 
the  muscle,  and  thus  produce  with  the  smallest  strength  of 
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current  the  greatest  possible  effect.  It  is  advisable,  how- 
ever, when  irritating  the  muscles  of  the  face  and  neck,  to 
close  the  circuit  with  one  conductor  on  a  distant  part  of  the 
body,  because  otherwise  irritation  of  the  sensory  trigeminal 
and  cervical  nerve-fibres  is  unavoidable. 

When  acting  on  such  muscles  as  are  supplied  from  two 
nerves,  as,  for  instance,  when  electrizing  the  Mm.  deltoideus, 
trapezius,  biceps  femoris,  we  place  each  conductor  most 
advantageously  on  the  point  of  entrance  of  one  nerve  into 
the  muscle.  Moreover,  we  may,  in  order  to  save  time, 
in  cases  where  there  is  muscular  paralysis  with  marked 
diminution  of  the  electro-muscular  contractility,  place  the 
conductors  on  the  motor  points  of  two  muscles,  and  can 
thus,  since  in  such  cases  the  difference  between  tlie  irritat- 
ing powers  of  the  positive  and  negative  poles  is  not  con- 
siderable, excite  two  muscles  at  the  same  time.  But,  in 
more  sensitive  regions,  where  it  is  necessary  to  take  notice 
of  this  difference,  it  is  best  to  lay  the  negative  pole  on  the 
motor  point  of  the  larger  muscle ;  or,  where  there  is  a  dif- 
ference in  the  irritability  of  the  two  muscles,  on  the  less  sen- 
sitive— the  positive  pole  on  the  motor  point  of  the  smaller 
or  more  sensitive  muscle. 

Though  the  indirect  muscular  irritation  is  of  great  im- 
portance to  electro-therapeutics,  and  used  in  so  many  dif- 
ferent ways,  yet  it  does  not  take  the  place  of  the  direct, 
ISTot  only  must  we  resort  to  intra-muscular  irritation  for  ex- 
citing those  muscles  whose  motor  points  are  inaccessible 
from  without,  but  in  many  other  cases,  as,  for  instance, 
where  the  electro-muscular  contractility  is  fully  lost,  and 
we  are  consequently  uncertain  whether  we  have  hit  the 
motor  point  or  not,  no  contractions  being  manifest ;  in 
others  where  there  is  destruction  of  the  power  of  motion, 
which  results  from  great  atrophy  following  disease  of  the 
substance  of  the  muscle ;  and,  finally,  in  cases  of  paralysis, 
where  every  irritation  of  the  nerves  should  be  avoided.  As 
to  direct  faradization,  the  superficially-lying  muscles  of  the 
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body  and  extremities  in  tlie  normal  condition  are  easily 
thrown  into  contractions  by  it,  when  we  place  both  moist 
conductors  near  one  another,  and  in  the  direction  of  the 
fibres  of  the  muscle.  Where  the  muscles  are  very  broad, 
the  conductors  must  be  moved  one  after  the  other  to  the 
different  parts,  in  order  to  excite  them.  Also  the  deeper- 
lying  muscles  often  present  a  point  in  the  neighborhood  of 
their  origin  or  attachment  where  the  direct  action  of  the 
electric  current  may  be  made  effectual.  When  this  is  not 
the  case,  we  must  use  a  more  intense  current,  which,  passing 
through  the  superficial  tissues  that  we  reduce  by  strong 
pressure  of  the  electrodes  to  a  single  obstacle,  reaches  the 
deeper  muscles — a  fact,  the  possibility  of  which  we  can  con- 
vince ourselves  in  those  cases  of  lead-poisoning  where  the 
contractility  of  the  superficially  -  lying  muscles  is  extin- 
guished, while  that  of  those  lying  deeper  is  retained. 

The  electrization  of  the  muscles  of  the  eye  is  particularly 
difficult  on  account  of  their  position  in  the  interior  of  the 
orbit,  which  renders  them  inaccessible  to  local  irritation. 
It  is  true  that,  with  the  eye  open  and  the  bulb  fixed,  the  in- 
dividual muscles  may  be  acted  on  by  a  fine  electrode ;  never- 
theless, the  irritability  of  the  eye,  the  danger  of  inflammation, 
the  painfulness  of  the  experiment,  finally,  the  frequent  mis- 
management of  the  assistants,  forbid  the  use  of  this  method 
in  most  cases ;  where  it  is  allowable,  only  currents  can  be 
applied  which  are  so  weak,  that  their  utility  is  doubtful.  I, 
consequently,  faradize  the  muscles  of  the  eye  in  this  way : 
Placing  the  conductor  of  the  positive  pole  in  the  hand  of  the 
patient,  I  lay  a  thin  electrode,  which  is  covered  with  sponge 
and  connected  with  the  negative  pole,  in  order  to  irritate  the 
M.  obliquus  sup.,  against  the  spina  or  fovea  trochlearis  of 
the  forehead ;  to  irritate  the  M.  obliquus  inf.,  on  the  margo 
infraorbitalis  of  the  upper  jaw-bone,  near  the  fossa  lacryma- 
lis ;  to  irritate  the  M.  rectus  externus,  on  the  outer  angle  of 
the  eye;  to  irritate  the  M.  rectus  internus,  on  the  inner 
angle ;  to  irritate  the  M.  rectus  superior,  on  the  upper  sur- 
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face  of  tlie  eyeball ;  to  irritate,  finally,  the  M.  rectus  infe- 
rior, on  the  lower  surface.  We  can  in  this  way,  if  we  use 
conductors  with  weak  currents  which  we  slowly  increase, 
apply  currents  of  great  strength.  That  in  fact  contractions 
of  the  muscles  of  the  eye  in  this  way  take  place,  I  was  able 
to  observe  in  an  individual  having  paralysis  of  the  M.  ob- 
liquus  sup.  and  M.  rectus  int.,  whose  eye,  little  sensitive  on 
account  of  repeated  paralysis  of  its  muscles,  could  be  opened 
during  the  operation,  and  allowed  the  efiect  of  the  irritation 
to  be  seen  partly  in  the  position  of  the  eyeball,  and  partly 
in  the  greater  approximation  of  the  double  image.  Bene- 
dict *  used  the  constant  current  in  paralysis  of  the  muscles 
of  the  eye,  and  has  published  the  following :  He  placed  the 
copper  pole  on  the  forehead,  and  stroked  the  cheek-bone  with 
the  zinc  pole  for  several  minutes,  in  a  case  of  abducens  para- 
lysis ;  in  paralysis  of  the  M.  rectus  internus  and  M.  obliquus 
inferior,  the  skin  on  the  side  of  the  nose  near  the  inner  angle 
of  the  eye ;  in  ptosis,  the  upper  eyelid ;  in  paralysis  of  tlie 
M.  rectus  inferior,  the  lower  border  of  the  orbit ;  finally,  in 
paralysis  of  the  'N.  trochlearis,  the  inside  of  the  nose  in  the 
neighborhood  of  the  inner  angle  of  the  eye. 

As  to  the  muscles  of  the  larynx,  the  M.  cricothyroideus 
is  easily  excited  to  contraction  by  placing  two  small  pointed 
conductors  on  both  sides  of  the  lig.  conoideum ;  the  thyroid 
and  annular  cartilages  approach  one  another,  and  the  tension 
of  the  vocal  cords  is  increased.  The  electrical  irritation  of 
the  other  muscles  of  the  larynx  is  effected  only  through  the 
region  of  the  pharynx ;  Ziemssen,  who  has  perfected  the 
method,"  uses  for  this  purpose  an  induction  current  that  is 
just  strong  enough  to  excite  the  M.  frontalis  to  contraction, 
or  a  galvanic  current  of  from  eight  to  twelve  Siemen's  ele- 
ments. He  unites  the  wire  coming  from  the  negative  pole 
with  a  bent  catheter-shaped  sound  covered  almost  to  the 

^  Electrotherapeutische  und  physiologische   Studien    iiber  Augenmuskel- 
Lahmungen,  Archiv  fiir  Ophthalmologie,  X.  Jahrgang,  1864,  pp.  97-122. 
2  L.  c,  p.  200,  et  seq. 
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point,  passes  it  quickly  with  the  right  hand  into  the  month, 
while  he  controls  his  movements  by  the  aid  of  a  laryngeal 
mirror  held  in  the  left  hand,  and  then  allows  the  circuit  to 
be  closed  through  the  aid  of  an  assistant  who  places  the  sec- 
ond electrode,  covered  with  sponge,  on  any  selected  distant 
part  of  the  body.  The  M.  arytsenoideus  transv.  is  easy  to 
excite  by  touching  the  posterior  surface  of  the  cart,  arytaenoi- 
dea  with  the  electrode ;  both  cartilages  move  strongly  on 
one  another.  As  to  the  electrical  irritation  of  the  Mm.  crico- 
arytgenoideus  post,  and  lat.,  and  of  the  M.  thyreo-arytsenoi- 
deus,  the  sinus  pyriformis,  the  inlet  which  is  between  the 
hind  border  of  the  cart,  thyreoidea  and  the  plate  of  the  cart, 
cricoidea,  is  the  conducting  point  for  the  electrode.  To  act 
on  the  M.  crico-arytsenoideus  post.,  on  the  dilatator  glot- 
tidis,  we  pass  from  the  sinus  pyriformis  directly  backward 
and  downward;  the  M.  crico-arytaenoideus  lat.  is  to  be 
reached  in  the  sinus  pyriformis  on  the  outer  border  of  the 
plate  of  the  annular  cartilage;  irritation  causes  slight  rota-^ 
tion  of  the  cartilages  of  the  larynx,  so  that  the  free  edge  of 
the  vocal  cord  approaches  the  middle.  The  M.  thyreo-ary- 
tsenoideus  lies  immediately  on  the  front  upper  border  of  the 
^  M.  crico-arytaenoideus  lat. ;  under  electrical  excitement  it 
draws  the  laryngeal  cartilages  forward  and  downward,  and 
narrows  the  vocal  cleft.  We  may  cause  the  muscles  of  the 
epiglottis,  the  Mm.  thyro-  and  ary-epiglottici,  to  contract 
by  placing  the  electrode  on  the  side  of  its  base. 

Since  intra-laryngeal  faradization  is  one  of  the  most  dif- 
ficult things  in  the  laryngoscopical  art ;  since,  further,  the 
cure  itself  often  requires  a  preparation  of  several  months,  for 
the  purpose  of  rendering  the  mucous  membrane  of  the  larynx 
less  sensitive,  which  also  requires  unusual  patience,  both  on 
the  part  of  the  patient  and  physician ;  since,  finally,  the  mo- 
tions of  the  larynx  sometimes  render  the  use  of  the  mirror  and 
tthe  electrode  impossible,  this  method  is  consequently  of 
service  in  proportionably  few  cases  of  paralysis  of  the  vocal 
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We  have  still  two  methods  of  electrical  irritation  of  the 
muscles  to  notice,  namely,  the  reflex  irritation  and  the  sym- 
pathetio  irritation  (Miterregung),  The  first  rests  on  the 
peculiarity  that  sensory  nerves,  in  the  irritated  condition, 
have  of  inducing  activity,  through  uninjured  paths  in  the 
motor  nerves,  and  can  be  used  for  exciting  the  muscles 
through  electrical  irritation  of  the  nerves  of  the  skin.  This 
method  is  indicated:  1.  In  paralysis  with  simultaneous 
anaesthesia  of  the  skin  over  the  muscle,  namely,  in  hysterical 
paralysis,  where  frequently,  with  the  disappearance  of  the 
anaesthesia,  the  power  of  motion  returns.  2.  In  those  cases 
where  the  suffering  part  is  not  very  accessible  to  the  local 
application  of  electricity,  for  instance,  in  disorders  of  men- 
struation, etc.*  The  method  in  such  cases  is,  to  excite  elec- 
trically those  parts  of  the  skin  whose  nerves  end  in  the  cen- 
tral organ  as  high  as  those  of  the  organ  on  which  we  wish 
to  operate.  3.  The  reflex  irritation  is  applicable  in  neural- 
gia where  we  wish  to  blunt  the  abnormally-increased  sensi- 
tiveness of  the  sensory  nerves  of  the  muscles  by  an  intense 
action  on  the  skin."  SympathetiG  irritation,  which  consists 
in  an  irritation  acting  on  a  muscle  or  a  nerve,  causing  other 
muscles  to  contract  by  transmission  through  the  spinal  mar- 
row, we  may  use  in  certain  cases  suited  to  electrical  treat- 
ment, where  the  less-paralyzed  muscles  may  be  excited  by 
acting  on  those  in  which  there  is  still  greater  paralysis.  As 
the  excitability  of  the  central  organ  for  reflex  movements  is 
increased  when  the  irritated  sensory  nerve  owes  its  loss  of 
conducting  power  to  the  brain  ;  so  its  excitability  for  sym- 
pathetic movements  seems  to  be  increased  under  the  same 
conditions.  I,  therefore,  use  with  advantage  this  method  of 
irritation  in  apoplectic  paralysis  and  contractions ;  for  in- 
stance, where  both  arm  and  leg  are  paralyzed — the  former, 
however,  more  than  the  latter — I  expect,  simply  by  elec- 

^  Schulz,  die  Reflexwirkungen  der  Inductions-Electricitat,  etc.,  in  der  Wie- 
ner Med.  Wochenschrift,  1855,  No.  49. 

2  Behandlung  der  Neuralgieen  im  therapeutischen  Theil. 
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trizing  the  muscles  of  the  arm,  that  the  paralyzed  muscles 
of  the  leg  will  be  reached. 


As  to  the  exciting  of  the  nerves  of  special  sense  through 
the  interrupted  current,  the  sense  of  touch  is  acted  upon  by 
placing  the  fingers  for  a  longer  or  shorter  time  in  contact 
with  a  dry,  metallic,  and  with  a  moist  electrode.  The  sense 
of  hearing  is  irritated  by  placing  one  metallic  electrode  in 
the  ear-passage,  filled  with  water,  and  the  other  moist  elec- 
trode on  the  temple,  or  by  introducing  one  well-isolated  con- 
ductor through  the  nose  into  the  tuba  Eustachii,  while  the 
other  is  applied  to  the  temple.  The  sense  of  smell  is  excited 
by  placing  one  conductor  on  the  neck,  while  we  move  the 
other  dry  electrode  backward  and  forward  over  the  mem- 
brana  Schneideri.  The  sense  of  taste  is  awakened  by  fre- 
quent stroking  of  the  tongue  with  the  electrical  brush. 


The  majority  of  the  inner  organs  are  with  difficulty 
reached  by  electrical  irritation ;  the  most  easily  accessible  of 
these  are  the  rectum,  the  bladder,  and  the  uterus.  In  order 
to  electrize  the  rectum  or  its  sphincter,  we  introduce  a  me- 
tallic, isolated  electrode,  having  an  olive-shaped  tip,  carefully 
avoiding  the  exceedingly  sensitive  border  of  the  gut,  into 
this  organ,  which  has  been  cleaned  by  means  of  a  clyster, 
and  press  it  on  the  M.  levator  and  sphincter  ani ;  in  this  way 
a  distinctly-perceptible  contraction  of  the  rectum  is  brought 
about ;  the  other  electrode,  saturated  with  moisture,  we  place 
on  the  back.  As  the  rectum,  like  the  bladder,  is  little  sen- 
sitive to  the  electrical  imtation,  we  may  use  a  powerful  cur- 
rent. In  order  to  excite  the  latter,  we  introduce  into  the 
rectum  an  electrode  with  a  metal  button  or  olive  tip,  into 
the  bladder  a  sound  covered  with  india-rubber,  as  far  as  the 
button-shaped  termination,  and  bring  it,  according  as  we 
wish  to  irritate  the  neck  of  the  bladder  or  its  body,  in  con- 
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tact  with  its  different  parts.  In  many  cases  it  is  sufficient 
to  lay  one  moist  conductor  above  the  symphysis  pubis,  and 
the  other  on  the  back.  For  the  more  difficult  cases,  Du- 
chenne  has  invented  a  so-called  "  excitateur  vesical  double." 
This  consists  of  two  flexible  wires  tipped  with  buttons,  that, 
separated  from  one  another,  pass  into  an  india-rubber  tube. 
With  their  ends  side  by  side,  they  have  the  appearance  of  a 
buttoned  sound,  and  in  this  condition  they  are  introduced 
into  the  bladder.  By  shoving  them  forward  in  this  organ, 
they  separate  from  one  another,  so  that  two  difierent  points 
of  the  bladder  are  touched  by  them.  After  each  wire  is  set 
in  connection  with  the  battery,  they  are  slowly  moved  about. 
"We  use  a  similar  instrument,  but  with  a  different  curve  and 
a  larger  button,  for  the  electrical  irritation  of  the  uterus, 
which  is  carried  by  means  of  the  index-finger  to  the  neck  of 
the  womb.  We  can  indirectly  excite  the  organs  of  the  pel- 
vis by  pressing  an  olive-shaped  conductor  on  the  posterior 
wall  of  the  rectum,  where  it  strikes  the  plexus  sacralis  and 
hypogastricus. 

In  order  to  electrize  the  testicle,  we  secure  it  or  the 
much  more  sensitive  neighboring  parts  between  two  moist 
electrodes.  As  the  operation  is  very  painful  and  the  sensa- 
tion accompanying  the  compression  of  the  testicle  spreads 
into  the  loins,  we  can  only  use  a  weak  current,  otherwise  a 
neuralgia  is  easily  induced.  The  vesiculse  seminales  are  best 
reached  through  the  anterior  wall  of  the  rectum.  The  irri- 
tation of  the  pharynx  and  esophagus  is  accomplished  by 
means  of  a  throat-electrode.  This,  consisting  of  a  curved 
metallic  sound,  tipped  with  an  olive-shaped  end,  from  3  to  4 
Mm.  in  diameter,  and  isolated  by  means  of  an  india-rubber 
tube  as  far  as  the  end,  is  connected  with  the  negative  pole 
of  the  induction  apparatus  and  carried  to  the  desired  organ, 
while  the  moist  conductor  of  the  positive  pole  is  placed  on 
the  sternum.  In  irritating  the  pharynx  we  must  avoid 
touching  with  the  olive  the  sides,  where  the  trunks  of  the  'N, 
vagus,  glossopharyngeus  and  accessorius  lie,  while  in  ex- 
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citing  the  oesophagus  we  avoid  the  ]^ii.  recurrens  and  vagus 
which  are  found  behind  the  trachea.  The  heart  and  lungs, 
which  are  inaccessible  to  the  electrical  current  on  account 
of  the  thickness  of  the  walls  of  the  thorax,  may  be  exposed 
to  the  electrical  action  by  irritating  the  vagus  in  the  lower 
part  of  the  neck  between  the  art.  carotis  comm.  and  vena 
jugularis. 

In  regard  to  the  therapeutical  v.alue  of  quick  or  slow 
consecutive  interruptions  of  the  current,  the  first  are  indi- 
cated— 1.  Where  it  is  desired  to  irritate  the  sensory  nerves 
of  the  skin  or  muscles.  2.  Where  we  wish  to  improve  the 
tone  and  recuperative  power  of  relaxed  or  atrophied  muscles. 
3.  Where  for  physiological  or  diagnostical  purposes  we  wish 
to  test  the  functions  or  electrical  irritability  of  certain 
muscles.^  The  interruptions  slowly  following  one  another, 
on  the  other  hand,  are  indicated  in  those  cases — 1.  Where 
the  electro-muscular  contractility  is  greatly  diminished.  2. 
Where  the  will  is  unable  to  act  on  the  normally-retained 
muscular  irritability,  as  in  apoplectic  paralysis.  Single  strong 
shocks,  which  may  be  conveniently  produced  by  using  the 
induction  apparatus  with  the  before-described  interruptor, 
or  more  intensely  by  the  battery  current,  frequently  chang- 
ing the  direction  of  the  current  by  means  of  Kemak's  com- 
mutator, are  in  place — 1.  In  many  cases,  in  which  we  desire 
to  diminish  the  irritability  of  the  spinal  marrow,  increased 
through  disease  and  manifesting  itself  through  abnormal 
muscular  ^lovements.  2.  Where  we  wish  to  increase  the 
muscular  contractility.  3.  In  those  surgical  cases  complicated 
with  powerful  muscular  action,  as,  for  instance,  in  rigidity  of 
the  joints  after  the  healing  of  a  broken  bone,  or  in  anchylosis 
after  rheumatic  or  traumatic  inflammation  of  the  joints,  etc. 

Generally  a  daily  sitting,  or  on  every  other  day,  of  from 
five  to  fifteen  minutes  is  sufiicient  for  realizing  the  beneficial 
effects ;  longer  or  more  frequently-repeated  sittings  are  apt 

*  See  Sections  vii.  and  viil 
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to  be  followed  by  fatigue  and  pain  of  the  muscles.  There 
are,  however,  very  sensitive  individuals,  in  whom  electrical 
irritation,  by  means  of  a  weak  current  lasting  for  only  a  few 
minutes,  produces  clonic  cramps ;  while,  on  the  other  hand, 
torpid  individuals  may  be  electrized  by  means  of  an  intense 
current  for  half  an  hour  without  perceiving  the  least  relaxa- 
tion. The  amount  of  time  which  we  should  devote  to  a 
single  muscle  depends  on  the  irritability  of  the  patient,  the 
cause  of  the  disease,  and  on  the  grade  of  the  electro-muscu- 
lar contractility  ;  so  that,  where  this  last  is  retained,  a  short 
but  frequently-repeated  irritation  is  advisable,  while,  in 
those  cases  where  it  is  considerably  diminished,  as  in  trau- 
matic paralysis,  an  excitement  lasting  for  many  minutes  is 
necessary.  One  or  even  a  few  sittings  are  very  seldom  suf- 
ficient to  produce  a  cur^ ;  most  cases  need  a  treatment  last- 
ing for  many  weeks  or  months.  Sometimes  the  process  of 
recovery  comes  to  a  stand-still,  or  even  an  apparent  relapse 
sets  in ;  in  such  instances  it  is  good  to  interrupt  the  treat- 
ment and  to  allow  the  muscles  rest — on  resuming  the  elec- 
trical applications  the  progress  is  often  more,  rapid. 


In  the  therapeutical  use  of  the  constant  current  naturally 
the  same  physical  laws  hold  as  in  that  of  the  induction  cur- 
rent :  we  have  here  also  on  the  one  hand  to  concentrate  the 
greatest  intensity  of  current  on  the  structure  on  which  we 
wish  to  operate,  on  the  other  hand  to  diminish  as  much  as 
possible  the  conducting  resistance  of  the  parts  lying  over 
this.  The  motor  nerves,  the  muscles  and  the  organs  fur- 
nished with  contractile  muscular  fibres  are  especially  excited 
by  the  interrupted  current  (and  in  a  higher  degree  by  means 
of  the  galvano-electrical  than  the  magneto-electrical),  and 
through  the  first  a  momentarily  intense  irritation  of  the  skin 
is  caused ;  on  the  contrary,  the  so-called  electrotonic  actions, 
the  modifications  of  irritability,  the  effects  on  the  brain,  the 
spinal  marrow,  the  sympathetic,  etc.,  the  purely  chemical 
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actions  in  part  singly  and  alone,  in  part  in  an  imperfect  de- 
gree, are  produced  through  the  constant  current.  In  using 
the  first  we  should,  as  much  as  possible,  in  accordance  with 
the  above  rules,  consider  the  direction  in  which  the  current 
passes  through  the  nerve — in  using  the  latter  we  should 
strive  to  exactly  differentiate  the  points  of  application  of 
both  poles.  Brenner^  has  clearly  shown  that  in  the  liv- 
ing body  it  is  possible  in  but  a  few  cases  to  conduct  the 
galvanic  current  in  a  certain  direction  into  a  nerve,  because 
the  poles  are  almost  always  placed  on  points  not  having 
physiologically  equal  importance,  and  consequently  their 
action  is  in  accordance  with  their  difference  in  position." 
According  to  him,  not  the  direction  of  the  current,  but  the 
poles,  analogous  to  their  physico-chemical  action,  are  to  be 
considered  as  indicators  of  the  different  physiological  effects 
of  the  electrical  current.  Brenner  has  further  attempted  to 
bring  these  observations  of  his  into  harmony  with  the  phys- 
ical laws  on  electrical  irritation  of  the  nerves  and  electro- 
tonus,and  finds  them  almost  entirely  confirmed  by  Pfliiger." 
He  bases  on  them  his  so-called  polar  method,  which  consists 
in  giving  to  that  pole,  whose  action  is  appropriate  to  the 
case  in  hand,  such  a  position  as  is  most  favorable,  in  regard 
to  conduction,  for  its  working  on  the  nerve.  This  method, 
and  the  assertions  on  which  it  rests,  are  in  general  correct : 
the  electro-therapeutist  is  frequently  in  practice,  namely,  in 
those  cases  where  it  is  desired  to  diminish  the  excessive  irri- 
tability of  a  nerve,  obliged  to  place  the  cathode  on  a  posi- 
tion as  distant  frora  the  effective  anode  as  possible — ^because 
in  the  same  nerve  near  the  anelectrotonus  there  is  always 
present  catelectrotonus — nevertheless,  it  is  necessary  in  most 
cases  also  to  consider  the  direction  of  the  current,  and  in 
this  connection  I  would  refer  to  page  55  and  page  96,  par- 
agraphs 9,  10,  and  11. 

Moreover,  we  use  the  current,  according  to  Remak,  in 

^  L.c.  2  X.  c,  p.  215. 

2  Untersuchungen  iiber  die  Physiologie  des  Electrotonus,  1859. 


160  EXCITATION   OF   THE   BRAIN   AND   SPINAL   CORD. 

two  forms,  stable  wlien  we  hold  the  electrodes  for  a  longer 
or  shorter  time  unmoved  on  the  same  spots,  or  moMle  when 
we  move  one  electrode  slowly  over  the  skin.  Fromhold  has 
added  a  third  to  these  methods,^  the  swelling  of  the  intensity, 
which  is  produced  by  the  gradual  increasing  and  the  corre- 
sponding decreasing  of  the  number  of  the  effective  elements 
— a  method  on  the  therapeutical  efficiency  of  which  we  are 
at  present  unable  to  give  any  opinion. 


At  the  present  time  we  can  no  longer  doubt  the  possi- 
bility of  acting  electrically  upon  the  central  portion  of  the 
nervous  system,  on  the  brain  and  spinal  marrow.  The 
known  manifestations  of  dizziness,  which  appear  frequently 
when  using  the  galvanic  current  near  the  head,  and  tolerably 
constantly  when  a  conductor  is  placed  in  the  fossa  auriculo- 
maxillaris,  and,  in  a  still  higher  degree,  the  metallic  taste, 
caused  sometimes  in  hysterical  and  tabetic  patients  by  con- 
ducting a  current  through  the  pelvis,  render  the  introduc- 
tion of  a  constant  current  into  the  brain  and  spinal  marrow 
probable ;  besides,  the  observations  of  Erb,  given  on  page 
T8,  have  shown  that  for  this  purpose  not  even  an  intense 
current  is  necessary.  Erb  was  able,  by  means  of  a  tolerably 
strong  induction  current,  the  conductors  of  which  were 
placed  on  both  temples,  to  excite  contractions  in  a  frog  prep- 
aration which  was  for  only  a  few  lines  in  contact  with  the 
brain :  the  constant  current  acts  so  effectually,  partly  through 
its  considerably  stronger  chemical  effect,  which,  in  connec- 
tion with  the  favorable  conditions  for  conduction  presented 
by  the  skull  and  dorsal  column,  together  with  their  numerous 
canals,  blood-vessels,  sutures,  openings,  etc.,  makes  an  in- 
tense action  on  the  brain  and  spinal  marrow  possible,  and 
partly  through  its  endurance  and  the  gradual  increase  of  its 
intensity,  which  favor  its  penetration  into  the  deeply-lying 

^  Der  constante  galvan.  Strom,  modificirbar  in  seinem  Intensitats  und 
Quantitatswerth,  Pest,  1866. 
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parts,  while  the  interrupted  current,  with  its  momentary 
endurance,  spreads  itself  out  superficially. 

The  method  of  galvanizing  the  brain  consists  in  conduct- 
ing a  current  ^  coming  from  10  to  16  elements  for  two  or 
three  minutes  from  the  occiput  to  the  forehead.  The  possi- 
ble consequences  of  this  we  will  notice  in  .Section  IX.  To 
electrize  the  spinal  marrow  we  use  generally  a  large  conduc- 
tor, in  connection  with  the  positive  pole  of  the  battery, 
which  we  place  on  that  part  of  the  dorsal  column  where  we 
believe  the  disease  has  its  origin,  while  the  negative  con- 
ductor's brought  in  contact  with  a  point  at  some  distance 
right  or  left  from  the  dorsal  column.  Here  also  it  is  advisa- 
ble to  use  the  electric  current  for  not  more  than  five  min- 
utes. 

The  galvanization  of  the  sympathetic  is  conducted  in  the 
following  way  :  we  place  one  conductor,  having  a  length  of 
one  inch  and  a  breadth  of  from  one-third  to  one-half  an  inch, 
on  the  course  of  the  inner  side  of  the  M.  sterno-cleido-mas- 
toideus — when  we  wish  to  excite  the  ganglion  cerv.  sup.  in 
the  direction  toward  the  second  and  third  cervical  vertebra 
— to  act  on  the  ganglion  cerv.  med.  opposite  the  fifth  and 
sixth,  finally  to  act  on  the  ganglion  cerv.  inf.  opposite  the 
seventh  cervical  and  first"  dorsal  vertebra,  while  the  second 
large  conductor  is  placed  above  on  the  neck,  or  on  the  poste- 
rior ends  of  the  ribs  on  the  side  of  the  vertebra  (corresponding 
to  the  position  of  the  ganglion  thoracica  and  lumbalia),  or  is 
moved  slowly  over  the  above  parts.  For  the  efficacy  of  this 
method  the  following  case  has  given  me  evidence,  which  un- 

^  To  regulate  the  strength  of  the  current,  i.  e.,  to  prescribe  the  number  of 
elements  necessary  for  a  certain  operation,  is  for  the  constant  current  more  dif- 
ficult than  for  the  interrupted.  In  addition  to  the  difference  in  sensitiveness  of 
different  individuals  to  the  same  strength  of  current  on  corresponding  parts  of 
the  body,  and  of  the  same  individual  at  different  times,  we  will  seldom  find 
two  batteries  of  absolutely  equal  strength,  and,  moreover,  these  will  not  be  con- 
stant ;  we  must  add  also  the  difference  in  the  conducting  resistance  of  the  con- 
ductors. In  these  respects  we  are  obliged  to  be  satisfied  with  tolerably  unset- 
tled conditions. 

11 
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doubtedly  proves  the  action  of  the  irritation  of  the  sympa- 
thetic of  the  neck  on  the  vaso-motor  nerves. 

Case  1. — A.  S.  Kaufmann,  aged  twenty-two  years,  two 
years  ago  was  without  any  known  disease.  Sitting  in  a 
restaurant,  he  was  seized  with  an  apoplectic  fit,  which  para- 
lyzed the  entire  right  portion  of  the  body,  and  from  which  he 
only  very  slowly  recovered,  so  that  on  the  Yth  March,  1867, 
when  I  saw  him  for  the  first  time,  locomotion  was  very  dif- 
ficult and  also  the  movements  of  the  arm  and  hand — their 
sensibility  was  lessened  and  contractions  of  the  right  half  of 
the  face  were  present,  namely  of  the  Mm.  zygomaticus  and 
levator  ang.  oris.  The  chief  diflSculties  of  the  patient  were 
a  constant  roaring  in  the  right  half  of  the  head,  and,  above 
all,  of  a  sensation  of  unendurable  heat  in  the  right  ear, 
which  showed  itself  objectively  through  a  remarkable  red- 
ness of  the  left  ear  and  an  increase  of  temperature  in  the 
neighboring  parts.  In  his  case  the  prescribed  method,  i.  e., 
placing  the  negative  conductor  on  a  spot  corresponding  to 
the  ganglion  cerv.  sup.,  and  the  positive  conductor  on  the 
occiput,  caused,  in  addition  to  the  gradual  disappearance 
of  the  roaring,  an  improvement  in  the  appearances  near  the 
external  ear,  which  was  so  perceptible,  both  subjectively  and 
objectively,  beginning  even  with  the  first  sitting,  that  after 
eight  or  ten  sittings  the  complaints  of  the  patient  in  regard  to 
the  heat  in  the  ear  ceased,  and  the  corresponding  redness  and 
increase  of  temperature  vanished.  In  brief,  I  will  state  that, 
through  the  subsidence  of  the  contraction  of  the  right  side  of 
the  face  after  thirty  sittings,  the  facial  expression  and  speech 
were  markedly  improved,  and  through  the  peripheric  treat- 
ment of  the  extremities  the  gait  became  normal  and  the  use 
of  the  arm  and  hand  was  comparatively  free. 

Still  more  interesting  is  the  following  case  in  the  practice 
of  Dr.  Drissen,  to  whom  I  am  obliged  for  its  history  : 

Case  2. — C.  P.,  sculptor,  thirty-five  years  of  age,  was  in 
the  war  of  1866,  and  has  suffered  in  the  following  ways  since 
the  beginning  of  July  of  the  same  year :  both  arms  are  some- 
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what  emaciated  and  ice-cold,  the  hands  anaesthetic,  bloodless, 
resembling  dead  hands,  and  when  deeply  pierced  with  a 
needle  no  blood  flows  out ;  the  movements  are  difficult  and 
powerless.  There  is  the  same  condition,  in  a  less  degree,  in 
the  lower  extremities.  Neuralgic  pains  are  present  neither 
in  the  legs  nor  in  the  arms  ;  the  patient  complains  only  of  a 
sensation  of  pricking  in  the  fingers.  In  the  hospital  the 
most  powerful  diaphoretics  were  not  sufficient  to  produce 
perspiration,  and  Russian  baths,  later  used,  were  attended 
with  no  better  success.  Dr.  D.  directed  the  constant  cur- 
rent on  the  sympathetic,  by  placing  the  positive  pole  on  the 
position  corresponding  to  the  ganglion  cerv.  sup. ;  in  the 
second  sitting  a  strong  perspiration  set  in,  which,  on  the 
ends  of  the  fingers,  appeared  in  the  form  of  large  drops, 
while  the  hands  at  the  same  time  reddened.  Powerful  con- 
tractions in  the  muscles  of  the  upper  and  lower  extremities 
also  set  in  (the  so-called  diplegic  contractions^  of  which  we 
will  soon  speak).  From  this  time  on,  the  mobility  improved 
with  the  increase  of  temperature  from  day  to  day,  so  that 
the  patient  after  twelve  sittings  was  again  in  a  condition  to 
return  to  his  occupation.  A  peripheric  treatment  in  this 
case  was  not  resorted  to. 

In  the  use  of  the  constant  current,  Eemak  and  others 
have  observed,  in  addition  to  the  antagonistic  galvanic  con- 
tractions noticed  on  page  50,  in  certain  pathological  cases, 
still  other  forms  of  reflex  contractions,  and  have  considered 
their  therapeutic  value.     To  these  belong : 

1.  The  reflex  contractions,  which  especially  appear  in 
progressive  muscular  atrophy  and  are  caused  by  the  irrita- 
tion of  two  selected  points  far  distant  from  the  muscle  to  be 
excited — diplegic  reflex  contractions.  As  the  point  from 
which  the  reflex  contractions  start,  and  on  which  the  small 
conductor  of  the  positive  pole  should  be  held,  Remak  men- 
tions the  fossa  auriculo-maxillaris  of  the  opposite  side  cor- 
responding to  the  height  of  the  ganglion  cerv.  sup.,  while 
the  greater  conductor  of  the  negative  pole  should  be  applied 
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on  the  sixth  cervical  vertebra  of  the  corresponding  side,  or 
on  a  spot  lying  below  this,  which  is  often  with  difficulty 
found,  and  sometimes  is  as  low  down  as  the  loins.  Remak 
adds  that  sometimes  the  proper  points  of  irritation  lie  on 
the  same  side  with  the  diseased  extremities,  and  affirms  that 
diplegic  contractions  can  never  be  produced  by  means  of  the 
induction  current/ 

Fieber^has  confirmed  the  assertion  that  the  ganglion 
cerv.  sup.  plays  the  chief  part  in  exciting  the  diplegic  con- 
tractions, and  that  the  current  must  have  the  direction  af- 
firmed by  Kemak,  also  that  the  position  given  by  him  to  the 
positive  pole,  and  to  the  negative,  below  the  fifth  cervical 
vertebra,  is  necessary  for  the  production  of  the  contractions 
— on  the  other  hand,  he  was  able,  contrary  to  the  belief  of 
Eemak,  to  excite  these  contractions  also  by  using  the  induc- 
tion current.  Moreover,  Fieber  observed  similar  contrac- 
tions, as  had  Remak  in  the  beginning  of  arthritis  nodosa,  in 
rheumatic  paralysis  of  the  arm,  in  lead  paralysis,  and  in 
apoplectic  paralysis:  Drissen  observed  these,  not  only  in 
the  two  noticed  cases  of  vaso-motor  paralysis  of  the  ex- 
tremities, but  also  in  paralysis  of  the  nerves  of  the  arms  fol- 
lowing, probably,  inflammatory  irritation  of  the  nerves ;  I 
myself  saw  them,  among  other  instances,  in  a  very  animated 
young  girl,  having  paralysis  and  atrophy  of  the  upper  ex- 
tremities, Consequent  on  chronic  arsenic-poisoning,  and  they 
were  induced  as  well  by  the  use  of  the  constant  as  by  the 
interrupted  current.  Dr.  Drissen  and  Dr.  A.  Eulenburg 
had  an  opportunity  in  this  case  to  observe,  with  me,  how  the 
diplegic  contractions  were  produced  by  irritating  different 
points  at  a  distance  from  one  another  :  these  set  in,  first,  on 
placing  the  conductors  on  the  customary  places  ;  secondly, 
on  their  application  to  the  right  or  left  side  of  the  dorsal 
column,  especially  at  the  height  of  from  the  fourth  to  the 

^  See  Remak :  application  du  courant  constant,  etc.,  pp.  27  bis  31. 
2  Die  diplegischen  Contractionen  nach  Versuchen  an  Menschen  und  Thieren 
erlautert.    Berlin  Klin.  Wochenschrift,  1866,  Bd.  iii..  No.  23,  25,  26. 
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eighth  thoracic  vertebra ;  thirdly,  by  placing  one  conductor  on 
the  pit  of  the  stomach  and  the  other  on  the  above  region  of 
the  dorsal  column,  and  during  this  last  application  the  con- 
tractions reached  their  greatest  intensity,  while  they  were 
much  less  pronounced  when  the  poles  were  on  the  customary 
parts — ^moreover,  in  this  case  the  fixation  of  the  ganglion 
cerv.  sup.  was  not  sufficient  to  produce  the  phenomena. 

2.  The  centripetal  reflex  movements  Remak  ^  and  Braun  ^ 
have  observed  in  old  cases  of  apoplexy,  and  used  therapeuti- 
cally with  success.  These  were  caused,  in  Remak's  case  of 
thirty-eight  years'  standing,  by  strong  contractions  of  the  arm 
and  leg  muscles,  as  soon  as  a  constant  current  was  conducted 
through  the  nerves  of  the  paralyzed  arm  or  leg,  and  the  con- 
traction of  the  limbs  was  relaxed.  In  Braun's  case  the  con- 
traction of  the  fingers  was  loosened  and  the  arm  was  lifted 
upward  and  backward  by  an  ascending  current  through  the 
I^.  peronseus  of  the  paralyzed  side — a  phenomenon  which 
did  not  appear  under  similar  conditions  on  the  healthy  side. 
On  the  other  hand,  in  the  last  case  a  centripetal  action  could 
not  be  produced  through  the  IST.  medianus  on  the  leg  of  the 
corresponding  side. 


To  bring  about  galvanic  irritation  of  the  nerves  of 
special  sense,  we  seek  to  give  the  electrodes  such  a  position 
that  the  intensity  of  the  current  shall  have  its  maximum  in 
the  respective  organ.  In  order,  for  instance,  to  act  on  the 
retina  and  the  IST.  opticus,  we  place  one  conductor  on  the 
inner  a,ngle  of  the  eye,  and  the  other  on  the  temple,  avoid- 
ing, however,  too  strong  a  current,  since  in  sensitive  eyes 
the  light  produced  by  the  galvanic  action  may  excite  reti- 
nitis. To  affect  the  sense  of  taste,  we  place  one  conductor  on 
the  tongue  and  the  other  on  the  neck,  etc. 

For  peripheric  irritation  by  means  of  the  constant  cur- 

^  S.  Galvanotherapie,  p.  221. 

2  Berlin  Klin.  Wochenschrift,  1865,  Bd.  ii.,  p.  123. 
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rent,  with  which  Benedikt  in  Vienna  especially  has  occupied 
himself/  we  may  use  either  the  so-called  spinal-marrow  root- 
current,  by  placing  one,  generally  the  copper  pole,  on  the 
vertebral  column,  and  stroking  the  latter  with  the  zinc  pole  ; 
or  the  spinal-marrow  plexus  or  spinal-marrow  nerve-current, 
by  placing  one  pole  on  the  plexus  of  the  nerve  and  the  other 
on  its  origin  at  the  vertebral  column  ;  or  the  plexus  nerve- 
current,  where  one  pole  rests  on  a  plexus  and  the  other  on 
one  of  its  nerves ;  or  the  nerve  muscle-current,  where  one 
pole  rests  on  the  nerve  and  the  other  on  the  muscle  supplied 
by  it.  We  may  also,  when  a  considerable  portion  of  a  nerve 
is  accessible,  place  both  poles  on  the  same  nerve,  or  finally 
one  conductor  on  the  muscle  and  the  other  on  its  motor 
point,  and  in  regard  to  this  last  method  we  would  refer  to 
page  146,  et  seq.  Naturally  we  may  in  all  these  operations 
allow  the  current  to  work  either  in  an  ascending  or  descend- 
ing direction,  and  it  may  be  stable  or  mobile. 

^  8.  u.  A.  AUgem.  Wiener  Med.  Zeitung,  1863. 


SEVENTH  -SECTION. 


ELECTRICITY    IN   ITS  APPLICATION  TO   ANATOMY,  PHYSIOLOGY, 
AND  PATHOLOGY. 

"We  have  already  shown  how,  through  local  faradization 
by  means  of  a  frequently-interrupted  current,  not  only  each 
individual  muscle,  but  also  each  muscle-fasciculus,  may  be 
brought  into  immediate  contraction.  Duchenne  used  these 
methods  to  ascertain  in  an  exact  manner  the  mode  of  work- 
ing of  each  muscle,  and  he  thereby  disproved  many  errors 
found  in  the  anatomical  text-books,  and  showed  that  most 
movements  were  caused  by  a  single  muscle  and  not  by  the 
simultaneous  action  of  different  muscles.  Berard  has  conse- 
quently remarked  that  Duchenne,  through  the  local  applica- 
tion of  the  electric  current,  has  become  the  creator  of  an 
"  anatomie  vivante." 

In  the  following  pages  we  will  give  a  short  resuTne  of  his 
interesting  investigations,  referring  for  a  closer  study  to 
Duchenne's  works  or  to  Erdmann's.' 

I.  Of  the  face  muscles  we  ascribe  to  both  Mm.  zygomat- 
icis  the  office  of  drawing  the  corner  of  the  mouth  outward 
and  upward ;  Duchenne  observed  that  the  M.  zygomaticus 
major,  in  consequence  of  its  attachment  to  the  angle  of  the 
mouth,  is  active  in  laughing  and  in  the  expressions  of  merri- 
ment ;  and  the  M.  zygomaticus  minor,  lying  more  within  and 
forward,  in  crying  and  in  expressions  of  sadness.  The  elec- 
trized M.  pyramidalis  expresses  anger  and  threatening,  the 

1  iv.  Aufl.  pp.  94-164. 
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M.  transversalis  nasi  derision  and  contempt ;  and  the  irritated 
M.  triangularis  nasi  gives  to  the  countenance  the  expression 
of  lasciviousness.  The  M.  subcutaneus  colli  is  strained  in 
wrath  and  terror,  as  well  as  in  the  expression  of  resignation. 
The  M.  frontalis  draws  the  skin  of  the  forehead,  eyelids,  and 
eyebrows  upward — slightly  contracted,  it  brightens  the  coun- 
tenance— more  strongly,  it  expresses  doubt,  and  when  most 
contracted  it  indicates,  with  the  simultaneous  action  of  other 
muscles,  agreeable  surprise  or  dread.  The  M.  buccinator 
draws  the  commissure  of  the  lips  strongly  outward  and 
forms  long  furrows  on  the  cheek,  which  give  the  appearance 
of  age,  while  the  united  action  of  the  M.  buccinator  and  M. 
zygomaticus  major  in  some  persons  produces  the  lovely  dim- 
ples on  the  cheek.  The  muscles  of  the  tragus  and  antitragus 
contract  the  outward  part  of  the  ear,  and  have  the  office  of 
protecting  the  ear  from  too  powerful  impressions,  and  sharp 
tones,  while  the  muscles  of  the  helix  appear  to  be  used  for 
expanding  this  organ. 

JI.  In  regard  to  the  muscles  of  the  hand  and  arm,  Du- 
chenne  showed  that,  when  in  the  flexed  condition  of  the 
hand  and  fingers  we  electrize  the  extensors  of  the  fingers,  at 
first  the  last  two  phalanges,  then  the  first  phalanges  stretch 
out,  and  at  last  extension  of  the  carpus  upon  the  forearm 
takes  place.  The  last  two  phalanges  remain  extended  till 
the  metacarpus  forms  an  angle  with  the  forearm,  then  they 
become  flexed,  while  the  first  phalanges  extend  themselves 
still  more.  At  the  same  time,  the  extensors  spread  the 
phalanges  apart,  which  in  the  flexed  condition  were  near 
one  another.  By  irritating  the  extensor  indicis  proprius, 
the  index-finger  approaches  the  middle-finger ;  by  irritating 
the  extensor  digiti  minimi  proprius,  the  little  finger  sepa- 
rates from  the  fourth  considerably  more  than  when  contrac- 
tion of  the  fasciculi,  going  to  it  from  the  extensor  digitorum 
comm.,  takes  place.  It  follows  from  this,  that  the  extensor 
digitorum  comm.  and  the  extensores  proprii  not  only  ex- 
tend the  first  phalanges,  but  also  separate  the  fingers  from 
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the  middle-finger.  On  the  contrary,  the  adductors  and  ab- 
ductors of  the  fingers,  the  Mm.  interossei,  Mm.  addnctores 
et  abductores  poUicis  et  digiti  minimi,  finally,  the  Mm.  lum- 
bricales,  have,  besides  their  peculiar  function  of  adduction, 
abduction,  and  of  bending  the  fingers,  the  office  of  extend- 
ing the  second  phalanx  of  the  thumb,  and  the  second  and 
third  of  the  other  fingers.  The  M.  flexor  pollicis  brevis  is 
a  flexor  of  the  first  phalanx  of  the  thumb,  and  in  a  higher 
degree  an  extensor  of  the  second ;  the  M.  opponens  pollicis 
flexes  the  metacarpal  bone  of  the  thumb  toward  the  wrist, 
and  at  the  same  time  turns  the  thumb  with  its  palmar  sur- 
face toward  the  index-finger.  Finally,  the  M.  supinator 
longus  is  only  a  supinator  when  the  forearm  is  strongly 
prone ;  when  this  is  not  the  case,  and  the  forearm  has  its 
usual  resting  position,  it  is  drawn  toward  the  upper  arm  in 
a  direction  between  supination  and  pronation.  Pathological 
facts  confirm  these  observations :  A  person  with  paralysis  of 
the  extensor  digit,  comm.  can  still  extend  the  second  and 
third  finger-joints,  while  the  extension  of  the  first  is  impos- 
sible ;  the  side  wise  movement  and  spreading  of  the  fingers 
is  difficult,  and  the  bending  of  the  last  two  phalanges  is  im- 
perfect. In  paralysis  or  atrophy  of  the  abductor  longus  and 
extensor  brevis  pollicis,  the  metacarpal  bone  of  the  thumb  is 
permanently  adducted,  and  consequently  the  holding  of 
small  objects  between  the  first  three  fingers  is  interfered 
with ;  while,  in  paralysis  of  the  extensor  longus  pollicis,  the 
thumb,  it  is  true,  bends  toward  the  metacarpus ;  but,  if  the 
extensor  brevis  and  abductor  longus  remain  uninjured,  its 
use  is  but  little  impaired.  In  paralysis  of  the  muscles  of  the 
ball  of  the  thumb,  in  consequence  of  the  activity  of  the  ex- 
tensor longus  pollicis,  the  metacarpal  bone  of  the  thumb  is 
so  much  extended,  that  it  forms  a  prominent  angle  with  the 
wrist,  and  the  patient  is  unable  to  extend  the  last  thumb- 
joint  without  at  the  same  time  extending  the  metacarpal 
bone  and  the  first  phalanx  of  the  thumb.  Paralysis  or 
atrophy  of  the  flexor  brevis  pollicis  renders  it  impossible  to 
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bring  the  thumb  in  opposition  with  the  ring  and  little-fin- 
ger ;  if,  however,  the  abductor  brevis  and  opponens  is  un- 
affected, the  thumb  can  still  touch  the  first  two  fingers,  and 
the  hand  may  be  used  in  writing ;  if,  finally,  the  adductor, 
in  paralysis  of  the  other  muscles  of  the  ball  of  the  thumb, 
is  unimpaired,  the  patient  may  hold  a  considerable  weight 
between  the  thumb  and  index-finger. 

III.  Let  us  now  pass  to  muscles  which  move  the  arm 
and  shoulder.  The  M.  pectoralis  major  is  divided  into  two 
parts,  of  which  the  upper  (consisting  of  the  clavicular  por- 
tion and  the  fibres  which  are  attached  to  the  upper  part 
of  the  sternum)  draws  the  arm  and  shoulder  upward  and 
forward.  When  excited  on  both  arms,  the  elbows  move  for- 
ward, inward,  and  somewhat  upward,  and  the  arms  press 
against  the  thorax.  On  the  other  hand,  the  lower  portion 
of  the  M.  pectoralis  is  an  abductor  of  the  arm.  Irritation 
of  the  entire  muscle  causes  rotation  of  the  upper  arm  on  its 
axis,  with  simultaneous  pronation  of  the  hand.  The  M. 
deltoideus  produces,  besides  the  lifting  of  the  upper  arm,  a 
change  of  position  of  the  shoulder-blade,  and  in  such  a  way 
that  the  angulus  ext.  scap.  is  depressed,  the  ang.  int.  is 
somewhat  elevated  and  carried  toward  the  middle  line; 
finally,  the  scapula  is  turned  on  its  vertical  axis,  and  conse- 
quently its  posterior  spinal  border  is  removed  for  four  or  five 
centimetres  from  the  wall  of  the  chest.  If  the  M.  latissimus 
dorsi  is  irritated  in  its  upper  third,  the  arm  hanging  down, 
it  draws  the  arm  inward  and  backward,  and  the  shoulder- 
blade  toward  the  middle  line ;  while  irritation  of  the  two 
lower  thirds  causes  a  sinking  of  the  shoulders  and  inclina- 
tion of  the  body  toward  the  corresponding  side.  If  both 
muscles  are  irritated  at  the  same  time  in  their  upper  third, 
both  shoulder-blades  approach  one  another,  and  the  shoul- 
ders stand  directed  obliquely  forward  and  inward;  while 
simultaneous  irritation  of  both  in  their  lower  portions  causes 
sinking  of  the  shoulders  and  extension  of  the  back,  and  con- 
sequently the  military  position.     In  paralysis  of  the  deltoi- 


ACTIONS   OF   VARIOUS   MUSCLES.  171 

deus,  the  upper  arm  hangs  by  the  side  of  the  chest  almost 
immovable ;  if  the  patient  tries  to  give  any  one  the  hand,  he 
swings  the  arm  forward  by  means  of  the  serratus.  If,  of  the 
three  bundles  of  fibres  of  which  the  deltoideus  is  composed, 
only  one  is  paralyzed,  the  lifting  of  the  arm  toward  this 
side  is  prevented,  while  it  is  allowed  toward  the  other ;  the 
greatest  obstacle  is  the  paralysis  of  the  anterior  bundle.  If 
the  latissimus  dorsi  is  paralyzed,  the  carriage  is  rendered 
difficult,  since  the  shoulder-blades  are  held  in  their  position 
chiefly  through  the  Mm.  rhomboidei.  In  regard  to  the  func- 
tion of  the  muscles  of  the  shoulder-blade,  Duchenne  found" 
that,  when  of  the  three  bundles  of  the  M.  trapezius  the  up- 
permost and  anterior  (portio  clavicularis)  was  electrized,  the 
head  inclined  strongly  toward  the  irritated  side,  and  turned 
somewhat  backward,  so  that  the  chin  was  directed  toward 
the  opposite  side ;  the  middle  bundle  lifted  the  shoulder- 
blade,  and  approached  it  to  the  middle  line ;  the  lower, 
finally,  depressed  the  inner  angle  of  the  shoulder-blade  a 
little,  and  drew  the  spinal  border  toward  the  middle  line. 
When  the  whole  trapezius  is  at  one  time  irritated,  the  shoul- 
der-blade rises,  the  spinal  border  approaches  the  middle  line, 
the  shoulders  sink  backward  and  inward,  finally,  the  head 
bends  forward  and  toward  the  opposite  side.  The  M.  rhom- 
boideus  (Duchenne  includes  under  this  name  the  M.  rhom- 
boideus  major  and  minor)  holds  at  rest  the  posterior  border  of 
the  shoulder-blade  securely  against  the  thorax  ;  when  all  its 
fibres  contract,  it  turns  the  shoulder-blade  on  its  outer  angle, 
and  elevates  it ;  in  the  most  extreme  degree,  the  spinal  bor- 
der is  directed  obliquely  from  above  downward,  and  from 
without  inward,  so  that  the  inner  angle  stands  out  more 
from  the  middle  line  than  the  lower.  If  we  excite  the  M.  ser- 
ratus anticus  major  in  its  lower  part,  there  follows  a  turning 
of  the  shoulder-blade  on  its  lower  angle,  in  consequence  of 
which  the  acromion  is  lifted,  and  the  lower  angle  directed 
outward  and  forward.  If  the  middle  portion  is  irritated, 
the  shoulder-blade  moves  forward,  outward,  and  upward. 
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Consequently,  the  spinal  border  removes  from  two  to  four 
centimetres  from  the  middle  line,  presses  against  the  wall 
of  the  thorax,  and  makes  a  deep  furrow  in  the  skin ;  the 
lower  part  of  the  serratus  elevates  the  shoulder.  "When  the 
entire  serratus  is  simultaneously  irritated  (through  faradiza- 
tion of  the  IT.  thoracicus  lateralis),  the  scapula,  through  the 
lifting  of  its  acromial  angle,  is  carried  so  far  forward  and 
outward,  that  the  space  between  the  scapula  and  the  spinal 
column  has  twice  its  usual  size  ;  the  inner  border  is  pressed 
against  the  thorax,  while  the  remainder  of  the  shoulder- 
blade  stands  out  like  a  wing. 

In  paralysis  of  the  lower  part  of  the  trapezius  the  basis 
scapulae  removes  from  ten  to  twelve  centimetres  from  the 
spinous  processes,  and  forms  the  so-called  "broad  back" 
which  we  so  often  meet  with  among  workmen  who  always 
sit,  on  account  of  their  occupation,  bent  over ;  if  to  this 
there  is  added  a  paralysis  of  the  upper  portion,  the  shoulder 
sinks,  and  the  shoulder-blade  takes  such  a  position,  that  its 
lower  angle  approaches  the  middle  line  more,  and  its  inner, 
on  the  contrary,  less,  than  in  the  normal  condition :  conse- 
quently the  movements  suffer  many  disturbances.  In  pa- 
ralysis of  the  lower  part,  the  patient  is  still  able  to  draw  the 
shoulder  somewhat  backward ;  if  he  tries,  however,  ta  ap- 
proach the  shoulders  to  one  another,  the  Mm.  rhomboidei 
draw  the  shoulder-blades  in  their  direction,  i.  e.,  they  lift  them, 
and  turn  them  at  the  same  time  on  their  outer  angle.  If  the 
middle  part  is  also  affected,  the  shoulder-blade  appears  to  be 
loosened  from  the  thorax,  and  there  is  no  longer  any  secure 
support  for  the  upper  arm ;  the  movements  of  the  arm  which 
require  a  certain  muscular  power  are  thereby  rendered  diffi- 
cult and  inconvenient.  If  the  M.  rhomboideus  is  paralyzed, 
the  basis  scap.  moves  from  the  wall  of  the  thorax,  shows  it- 
self clearly  under  the  skin,  and  there  arises  a  more  consid- 
erable fold  between  it  and  the  vertebral  column;  at  the 
same  time,  on  account  of  the  consequent  preponderance 
of  the  serratus  ant.  maj.,  the  lower  angle  is  drawn  forward 
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and  outward.  As  to  the  disturbance  connected  with  this, 
the  combined  movement-rwhich  is  accomplished  by  bring- 
ing the  basis  scap.  close  to  the  wall  of  the  chest,  and  by  a 
strong  contraction  toward  the  middle  line,  namely,  the  move- 
ment of  the  arm  backward — is  restrained.  A  paralysis  of 
the  serratus  ant.  maj.  shows,  when  the  arm  hangs  down,  but 
little  sinking  of  the  shoulder-blade ;  at  the  most,  the  under 
angle  of  the  shoulder-blade  stands  directed  somewhat  more 
backward  and  upward,  and  springs  out  more.  When,  how- 
ever, the  patient  moves  the  arm  from  the  body,  and  turns 
with  it  the  shoulder-blade  on  its  vertical  axis,  the  posterior 
border  of  the  shoulder-blade  moves  from  the  thorax,  and 
forms  thereby  a  channel ;  at  the  same  time  the  under  angle 
lifts  itself  from  the  thorax,  while  the  anterior  approaches 
this  more  closely.  The  more  this  evil  progresses,  the  more 
striking  are  the  changes,  so  that  in  the  highest  degree  the 
shoulder-blade  stands  off  wing-like  from  the  wall  of  the 
chest.  The  movements  of  the  arm  are  very  limited  in  com- 
plete paralysis  of  the  serratus ;  it  may  be  lifted  by  means  of 
the  deltoideus  to  a  horizontal  position ;  movement  beyond 
this  is  impossible,  when  not  aided  by  the  upper  portion  of 
the  trapezius  and  the  levator  ang.  scap.,  and,  with  their 
help,  its  action  is  very  incomplete. 

lY.  The  conclusions  to  be  drawn  from  Duchenne's  in- 
vestigations in  regard  to  the  functions  of  the  muscles  of 
the  foot  are  even  as  interesting,  in  an  anatomical  point  of 
view,  as  they  are  important  in  a  therapeutical.  He  found, 
that  direct  extension  and  direct  flexion  of  the  foot  were  pro- 
duced only  through  the  simultaneous  action  of  several  mus- 
cles, since  each  extensor  or  flexor  muscle  of  the  foot  causes 
at  the  same  time  an  adduction  or  abduction.  He  therefore 
gave  the  individual  muscles  names  corresponding  to  their 
functions,  and  called  the  combined  Mm.  gastrocnemius,  so- 
leus,  and  tibialis  post.,  which  extend  and  adduct  the  foot, 
M.  extensor  adductor  /  the  Mm.  peronseus  longus  and  brevis, 
which  extend  and  abduct  the  foot,  M.  extensor  abductor  ;  the 
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M.  tibialis  anticus,  which  flexes  and  adducts  the  foot,  M. 
flexor  adductor  /  the  M.  extensor  digitorum  communis  lon- 
gus  and  M.  extensor  hallucis,  which  flex  and  abduct  the 
foot,  M.  flexor  abductor.  Direct  extension  arises  also  from 
the  combined  action  of  the  Mm.  gastrocnemii,  soleus,  aiid 
peronseus  longus ;  direct  flexing,  through  the  simultaneous 
action  of  the  Mm.  tibialis  ant.  and  extensor  digit,  comm. 
long. 

Invitation  of  the  extensor  adductor  (gastrocnemius,  so- 
leus, and  tibialis  post.)  causes,  besides  the  strong  extension 
of  the  posterior  part  of  the  foot  and  of  the  outer  border  of 
the  front  part,  a  turning  of  the  member,  so  that  the  point 
is  directed  inward  and  the  heel  outward.  The  outer  border 
of  the  foot  turns  outward  at  the  same  time  that  the  toes 
take  on  the  form  of  claws  by  the  extension  of  their  first  and 
the  bending  of  their  other  phalanges.  Irritation  of  the  ex- 
tensor abductor  (peronseus  longus  and  brevis)  causes  strong 
sinking  of  the  inner  side  of  the  front  part  of  the  foot,  as 
well  as  abduction  of  the  foot,  the  outer  border  of  which  is 
lifted,  and  the  malleolus  internus  is  rendered  prominent. 
Paralysis  or  atrophy  of  the  extensor  adductor  leads  to  the 
following  appearances :  In  attempting  to  extend  the  foot,  it 
is,  through  the  action  of  the  extensor  abductor  which  now 
alone  works,  strongly  abducted ;  the  front  part  of  the  foot 
is  turned  inward,  in  consequence  of  a  sinking  of  the  first 
metatarsal  bones,  the  os  naviculare,  and  the  os  cuneiforme ; 
the  plantar  side  is  hollowed  out  more,  and  the  dorsal  side  is 
more  arched.  At  the  same  time,  the  dorsal  arching  increases ; 
the  heel,  on  the  contrary,  sinks  more  and  more,  till  finally 
the  astragalus  takes  the  place  of  the  calcaneus,  and  there 
results  the  "hollow  foot  of  the  peronseus  longus,"  as  Du- 
chenne  calls  it.  Secondarily,  retractions  of  certain  muscles 
of  the  foot  set  in — of  the  adductor  hallucis,  of  the  flexor 
brevis  digit.,  etc.  In  consequence  of  the  paralysis  or 
atrophy  of  the  extensor  abductor,  the  arching  of  the  foot 
disappears  almost  entirely ;  in  standing,  the  foot  takes  the 
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talipes-valgus  position,  and  its  inner  border  rests  flat  on  the 
ground.  If,  on  the  contrary,  in  paralysis  of  the  extensor 
abductor,  an  effort  is  made  to  extend  the  foot,  it  takes  the 
position  of  talipes  varus,  for  through  the  tonic  power  of  the 
tibialis  anticus  the  head  of  the  first  metatarsal  bone  is  drawn 
upward.  Gradually  a  flat  foot  is  formed,  which  disappears 
with  the  paralysis  of  the  peronseus. 

In  regard  to  the  movements  of  the  foot,  when  the  flexor 
adductor  (tibialis  anticus)  is  irritated,  the  foot  is  strongly  ex- 
tended and  adducted,  and  the  inner  border  of  its  anterior 
portion  is  lifted.  By  irritating  the  flexor  abductor  (extensor 
digit,  comm.  long,  and  extensor  hallucis),  the  foot  is  flexed 
and  abducted.  The  four  last  toes  are  thereby  slightly  ex- 
tended, the  outer  border  of  the  foot  is  lifted,  the  sole  is 
turned  outward,  and  the  great  toe  is  bent.  In  consequence 
of  atrophy  or  paralysis  of  the  flexor  adductor,  the  bending 
of  the  foot  is  always  combined  with  abduction,  the  foot  is 
turned  more  outward,  and  in  walking  is  apt  to  strike  the 
ground ;  at  last  the  action  of  the  extensors  prevails,  and  pes 
equinus  results.  In  paralysis  or  atrophy  of  the  flexor  ab- 
ductor, the  sidewise  movements  take  place  in  an  opposite 
direction ;  the  foot  cannot  be  flexed  without  being  at  the 
same  time  adducted,  with  the  sole  turned  inward.  The  an- 
terior part  of  the  foot  turns  upward,  so  much  so,  that  some- 
times the  astragalus  and  calcaneus  become  prominent. 

Irritation  of  the  tibialis  posticus  and  of  the  peronaeus 
brevis  causes,  independently  of  flexing  and  extending,  side- 
wise  movements  of  the  foot ;  the  tibialis  posticus  produces 
pure  adduction,  and  the  peronseus  brevis  pure  abduction ; 
both  acting  together  prevent  the  turning  of  the  foot  inward 
and  outward.  In  paralysis  or  atrophy  of  these  muscles,  the 
foot  assumes  either  the  varus  or  the  valgus  position. 

Y.  Duchenne's  investigations  in  regard  to  the  function 
of  the  diaphragm,  showed,  that  when  we  electrize  both 
phrenici,  in  man  or  animals,  powerful  and  rapid  contrac- 
tions of  this  muscle  set  in  :  in  consequence  of  which,  the  ab- 
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dominal  walls  being  uninjured,  the  false  ribs  rise  and  move 
outward,  the  cavity  of  the  cliest  extends  itself  downward, 
and  an  amount  of  air,  corresponding  to  the  increase  in  space, 
rushes  into  the  lungs.  This  sudden  entrance  of  air  through 
the  glottis  into  the  air-tubes  is  accompanied  with  a  peculiar 
sobbing,  which,  according  to  Ziemssen,  is  produced  by  the 
sudden  vibrations  of  the  vocal  cords,  that  are  not  taken  out 
of  the  way  on  account  of  the  unexpected  and  deep  inspira- 
tory movements.  If  the  entrails  of  the  animal  are  removed 
beforehand,  and  consequently  the  resistance  of  the  abdominal 
muscles  lessened,  contraction  of  the  diaphragm  causes  the 
false  ribs  to  be  drawn  inward.  In  this  case  we  hear  no  loud 
inspiration  sound ;  hence  it  follows  that  the  diaphragm  needs 
support  from  below  in  the  production  of  its  inspiratory  ac- 
tion. In  atrophy  of  the  diaphragm,  the  epigastrium  and 
the  abdominal  walls  sink  in  during  inspiration,  instead  of 
becoming  prominent,  while  the  walls  of  the  thorax  lift  them- 
selves and  expand :  the  reverse  takes  place  during  expiration. 
Yl.  Irritation  of  a  single  M.  intercostalis  externus,  by 
means  of  a  thin  electrode  pressed  immediately  on  the  origin 
of  the  M.  serratus  magnus  against  the  lower  border  of  the 
upper  ribs,  causes,  according  to  Ziemssen,  in  quiet  respira- 
tion, a  powerful  and  distinctly  visible  lifting  of  the  lower 
ribs  outward  and  upward.  This  movement  also  extends  to 
the  two  under  ribs,  whose  change  of  position  may  be  felt 
with  the  fingers  as  well  as  seen.  If  we  increase  the  current 
gradually,  so  that  the  M.  intercostalis  int.  is  affected,  there 
is  perceptible,  nevertheless,  no  change  in  the  position  of  the 
ribs  and  in  the  intercostal  spaces.  So  long  as  the  irritation 
continues,  the  ribs  stand  directed  obliquely  outward  and  are 
stone-hard  to  the  touch.  Also  forced  inspirations  and  ex- 
pirations, during  the  irritation,  appear  to  produce  no  altera- 
tions in  these  positions.  The  electrized  intercostal  muscles 
remain  unchanged  and  stand  like  a  wall,  while  the  sinking 
backward  and  arching  forward  of  the  remaining  intercostal 
spaces  are  distinctly  visible. 
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YII.  As  to  the  abdominal  muscles,  irritation  of  each 
nervus  intercostalis  abdom.,  which  enters  into  one  of  the 
muscles,  that  together  form  the  M.  rectus  abdominalis, 
causes  a  hard  and  stretched  condition  of  the  belly  of  the 
corresponding  muscle :  the  upper  portions  of  the  muscles 
draw  the  abdominal  wall  upward,  and  those  parts  below 
the  navel  draw  it  downward ;  moreover,  each  for  itself 
draws  the  abdominal  wall  inward,  and  seeks  to  produce  a 
level  between  the  sternum  and  symphysis.  Irritation  of 
the  M.  obliquus  abdominalis  ext.  causes  lateral  expansion 
of  the  abdomen.  If  we  electrize  the  outer  fasciculi  of  the 
Mm.  obliqui  ext.  of  both  sides  with  several  electrodes,  by 
subdividing  the  conducting  wires,  or  by  using  several  wires 
coming  from  each  pole,  the  outer  parts  of  each  side  form  a 
level,  while  the  middle  of  the  abdominal  wall  becomes 
strongly  and  narrowly  arched.  If  the  M.  transversus  ab- 
dominis is  electrized  at  the  same  time  on  both  sides  of  the 
crista  ossis  ilei  and  near  the  outer  border  of  the  quadratus 
lumborum,  and  is  excited  in  this  way,  which  is  not  always 
the  case,  there  follows  transverse  contraction  of  the  abdo- 
men, which  with  a  strong  current  is  as  powerful  as  when  it 
serves  for  the  emptying  of  the  rectum  or  of  the  bladder — a 
phenomenon  which  is  often  accompanied  with  the  specific 
sounds  due  to  the  movement  and  escape  of  flatus.  If  we 
carry  the  electrode  more  forward,  we  can  exercise  a  par- 
tial action  on  the  M.  obliquus  abdom.  internus  by  pressing 
strongly  over  the  spina  ilei  ant.  sup. 


"We  will  now  pass  to  the  consideration  of  the  paralysis 
of  the  nerves  which  supply  the  skin  and  the  muscles  of  the 
extremities,  and  present  an  imperfect  picture  of  the  changes 
which  the  most  important  complete  paralysis  brings  about 
in  the  functions  of  the  affected  parts. 

In  the  upper  extremities  paralysis  of  the  'N.  radialis 
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causes  the  following  complex  symptoms :  Tlie  patient  is  not 
able  to  lift  the  hand,  to  extend  the  first  phalanges,  to  bring 
the  hand  into  supination,  to  adduct  or  to  abduct  it.  Abduc- 
tion and  extension  of  the  thumb  are  also  impossible.  On  the 
contrary,  all  the  other  movements,  flexion  and  pronation  of 
the  arm,  bending  of  the  fingers,  adduction  of  the  thumb, 
etc.,  are  possible.  In  most  cases  there  are  combined  with 
these  a  feeling  of  numbness  in  the  hand  and  anaesthesia  of 
the  dorsal  side  of  the  forearm  and  of  the  hand.  If  the  'N. 
ulnaris  is  paralyzed,  the  patient,  though  able  to  hold  with 
the  hand  objects  of  large  size,  is  unable  to  take  hold  of 
small  objects.  The  power  with  which  he  holds  an  object 
between  two  fingers  varies  according  as  he  seizes  it  with  the 
thumb  and  index-finger,  thumb  and  middle-finger,  or  thumb 
and  ring  or  little  finger.  The  last  is  absolutely  impossible, 
while  the  other  movements  are  more  or  less  possible.  If  he 
attempts  to  shut  the  hand,  the  last  two  phalanges  bend  suf- 
ficiently, while  the  first,  especially  those  of  the  ring  and  lit- 
tle finger,  are  unable  to  reach  the  palm  of  the  hand.  If  the 
interossei  are  fully  paralyzed,  the  fingers  separate  from  one 
another  for  several  lines,  when  the  attempt  is  made  to  ex- 
tend them,  and  it  is  absolutely  impossible  to  cause  them  to 
approach  one  another  in  this  position  or  to  separate  them 
more  widely.  If  we  approach  them  forcibly,  the  first  pha- 
langes bend.  On  the  other  hand,  the  movements  of  the 
thumb,  with  the  exception  of  adduction,  also  bending  of  the 
first  phalanx,  opposition  and  adduction  may  be  performed  : 
the  extension  of  the  wrist,  the  bending  of  the  forearm  on 
the  upper  arm,  supination,  and  pronation  remain  unhindered. 
The  usual  position  of  the  hand  does  not  differ  from  its 
normal  position,  but  its  inner  half  has  lost  its  sensibility, 
and  the  fingers,  especially  the  last  two,  their  normal  sense 
of  touch.  If  the  'N.  medianus  is  paralyzed,  the  bending  of 
the  arm  at  the  elbow  is  free,  but  that  of  the  wrist  is  prevent- 
ed ;  the  flexion  of  the  second  and  third  phalanges  of  the 
fingers,  and  the  pronation  of  the  hand,  are  impossible.     The 
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thumb,  it  is  true,  can  be  ad  ducted,  but  not  bent,  nor  brought 
in  opposition ;  the  extension  of  the  wrist  and  of  the  fingers, 
and  the  supination  of  the  arm,  are  not  hindered ;  the  middle 
finger  is  numb,  cold,  and  sensationless. 

In  paralysis  of  the  I^.  cruralis  of  the  lower  extremity, 
the  flexion  of  the  upper  leg,  and  the  extension  of  the  lower 
leg,  are  more  or  less  limited ;  the  patient,  since  motion 
forward  is  much  prevented  in  paralysis  of  the  quadriceps 
muscle  of  the  thigh,  can  only  lift  the  leg  a  little  from  the 
ground  and  take  but  short  steps  :  going  up-stairs  is  difficult, 
and  rising  from  the  sitting  position  is  often  impossible.  If 
the  N.  obturatorius  is  also  paralyzed,  besides  the  adduction 
of  the  leg,  the  rotation  of  the  body  and  of  the  thigh  outward 
is  checked. 

Paralysis  of  the  E".  peronseus  presents  the  following 
diagnostic  appearances:  the  movements  of  the  thigh  and 
leg  are  more  or  less  unaffected,  while  those  of  the  foot  are 
very  limited ;  the  patient  in  walking  is  unable  to  support 
himself  on  the  metatarsal  head  of  the  great  toe,  to  turn  the 
foot  outward,  or  to  extend  the  toes,  and  he  steps  with  the 
outer  border  of  the  foot  raised.  The  sensibility  of  the  skin 
is  generally  lessened  on  the  external  surface  of  the  leg  and 
on  the  back  of  the  foot.  In  paralysis  of  the  IST.  tibialis  the 
movements  of  the  thigh,  with  the  exception  of  the  more  or 
less  difficult  rotation  outward,  are  not  interfered  with,  but 
the  flexion  of  the  leg,  the  lifting  of  both  thigh  and  leg  back- 
ward, and  the  rotation  of  the  latter  inward  and  outward,  are 
prevented ;  the  heel  cannot  be  raised,  nor  can  the  middle 
part  of  the  foot  or  the  toes  be  bent.  The  outer  border  of 
the  dorsal  side  of  the  foot  and  the  sole  have  lost  their  sensi- 
bility. 


EIGHTH   SECTION. 

THE    IMPORTANCE    OF    ELECTRICITY    IN    THE    DIAGNOSIS    AND 
PROGNOSIS    OF   PARALYTIC   AFFECTIONS. 

As  by  the  use  of  the  stethoscope  and  the  plessimeter  the 
diagnosis  of  pulmonary  and  heart  diseases  has  attained  a 
scientific  certainty,  and  the  therapeutic  processes,  based 
upon  the  physical  examination  of  the  organs  affected,  have 
become  rational,  in  like  manner  the  treatment  of  paralytic 
cases  has  had  a  more  scientific  basis  ever  since  we  have  been 
able,  by  means  of  that  delicate  re-agent,  the  electric  current, 
to  examine  the  nervous  and  muscular  irritability  of  the 
parts  affected,  and  to  measure  their  variation  from  the  normal 
condition.  As,  however,  the  physical  examination  of  the 
thoracic  organs,  without  consideration  of  other  indications, 
sufiices  in  but  very  few  cases  the  attainment  of  a  sure  diag- 
nosis, and  never  for  the  establishment  of  a  rational  cure,  so, 
too,  the  electric  current  is  only  an  auxiliary,  which,  when 
we  have  fully  considered  all  the  symptoms  peculiar  to  the 
individual,  the  etiological  forces,  etc.,  will  in  many  obscure 
cases  assist  us  to  a  surer  diagnosis  ;  in  cases  where  the  symp- 
toms are  seemingly  contradictory  it  will  determine  our  opin- 
ion, and  in  those  that  are  free  from  doubt  it  will  confirm 
the  judgment  already  formed ;  finally,  in  its  bearing  upon 
the  prognosis  of  peculiar  forms  of  paralysis  of  the  greatest 
importance,  it  will  lead  us  to  a  scientific  certainty,  obtaina- 
ble by  no  other  means.     As  proof  of  these  assertions,  before 
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I  proceed  to  the  diagnostic  criteria  of  the  several  forms  of 
paralysis,  I  shall  describe  a  few  cases,  in  which,  by  the  ab- 
sence or  the  uncertainty  of  other  indications,  I  was  enabled, 
simply  from  the  electric  conditions  of  the  muscles,  to  draw 
up  diagnoses,  the  accuracy  of  which  further  developments 
established  beyond  a  doubt. 

Case  3.^ — Hache,  a  master-furrier,  who,  up  to  his  38th 
year,  had  enjoyed  good  health,  experienced,  for  about  'Q.Ye 
months,  a  certain  weakness  and  stiffness  in  both  hands,  which 
rendered  the  extension  of  them  more  and  more  difficult,  and 
during  the  last  three  months  of  this  period  impossible. 
Whenever  he  attempted  to  grasp  any  thing,  or  to  sew,  or 
hold  out  his  hand  to  any  one,  the  three  middle  fingers  closed, 
while  the  thumb  and  little  finger  remained  extended.  The 
effort  to  spread  the  hand,  or  to  separate  the  thumb  from  the 
index-finger,  was  equally  vain.  With  the  exception  of  light, 
dragging  pains  in  both  shoulders,  no  abnormal  or  painful 
sensations  of  any  kind  preceded  the  attack,  nor  could  the 
patient  ascribe  its  gradual  increase  to  any  particular  cause. 
In  the  course  of  an  examination  made  on  the  12th  of  March, 
1854,  I  found  that  note  ven  a  very  intense  electric  current, 
directed  upon  the  Mm.  extensores  digit,  comm.  of  the  hand, 
was  powerful  enough  to  extend  the  first  phalanges  of  the 

'  This  case  is  especially  interesting,  because  it  is  the  first  in  which  I  dis- 
covered, as  a  cause  of  paralysis,  the  habitual  use  of  the  snufi"  which  comes 
packed  in  lead  {vide  Med.  Central  Zeitung  of  Nov.  22,  1854,  and  Virchow's 
Archiv.,  185Y,  p.  209,  et  seq.).  Since  the  publication  of  this  case  so  many  in- 
stances of  poisoning  from  the  lead  taken  up  in  snuflf  Ijave  arisen,  that  in  France, 
Belgium,  Prussia,  and  other  German  states,  strong  laws  have  been  passed 
against  packing  tobacco  in  lead.  Without  doubt  very  many  cases  of  paralysis 
owe  their  origin  to  similar  causes,  such  as  the  saturation  of  silk  in  vinegar  of 
lead  to  increase  its  weight,  the  use  of  white  lead  in  paint  for  the  face  and  in 
the  preparation  of  other  cosmetic  appliances,  etc.,  etc.  Similar  causes,  fre- 
quently remaining  altogether  hid  from  the  physician,  produce  paralysis,  which, 
in  consequence  of  the  continuance  of  the  injurious  action,  defy  all  the  efforts 
of  medical  skill.  Duchenne  mentions  some  cases  in  which,  by  the  use  of  wine 
to  which  a  salt  of  lead  had  been  added,  or  of  beer  which  had  been  led  through 
leaden  pipes  from  the  casks  in  the  tap-room,  paralyses  have  been  caused. 
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fingers.  The  electro-muscular  sensibility,  also,  of  the  par- 
alyzed muscles  was  lowered  to  such  a  degree,  that  a  very 
strong  current  was  only  slightly  felt  by  the  patient.  The 
remaining  extensors  (with  the  exception  of  the  extensores 
indie,  propr.  and  the  abductors  of  the  thumb,  of  which  the 
electro-muscular  contractility  and  sensibility  were  also  more 
or  less  impaired),  as  well  as  the  supinators,  and  all  the 
flexors  and  pronators  had  in  both  arms  a  perfectly  normal 
electric  condition.  The  case,  therefore,  seemed  to  me  to  be 
one  of  lead-paralysis,  although  neither  from  the  patient's 
occupation  or  mode  of  life,  nor  from  any  antecedent  symp- 
toms of  illness,  could  a  cause  be  adduced  which  justified  this 
diagnosis. 

After  I  had  applied  electricity  for  the  thirty-seventh  time 
almost  without  result,  the  patient  went  on  a  journey,  and 
consequently  passed  out  of  my  charge.  I  saw  him  again 
about  two  months  later,  on  July  9,  1854.  In  addition  to 
the  paralytic  effects  above  described,  there  was  now  a  con- 
siderable protuberance  of  the  bones  of  the  wrist  and  of  the 
second,  third,  and  fourth  bones  of  the  metacarpus — a  symp- 
tom which  confirmed  me  more  and  more  in  the  opinion 
previously  conceived.  After  a  fresh  examination  of  all  the 
circumstances  which,  in  the  case  of  my  patient,  could  pos- 
sibly explain  his  poisoning  by  lead,  I  resorted  to  a  qualita- 
tive analysis  of  the  tobacco  which  he  had  been  in  the  habit 
of  snuffing  for  many  years,  and  which  he  had  brought  packed 
in  lead.  The  analysis  gave  as  a  result  so  considerable  an 
indication  of  this  metal,  that  a  quantitative  analysis  seemed 
to  me  unnecessary.  After  the  patient  had  given  up  the  habit 
of  snuffing  tobacco,  the  employment,  for  four  weeks,  of  sul- 
phur baths  and  of  saline  purgatives  considerably  reduced  the 
swellings,  particularly  those  of  the  right  hand  ;  as,  however, 
the  paralytic  effects  still  remained  unchanged,  the  electric 
treatment  was  resorted  to,  and  in  forty  sittings  was  carried 
so  far  that  the  patient  was  able,  November  6th,  to  extend 
both  hands,  to  separate  the  fingers,  to  raise  the  forefinger 
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with  ease  in  writing,  etc.,  and  could  sew  and  perform  the 
other  details  of  his  business.  A  perfect  cure  gradually  fol- 
lowed, without  the  further  application  of  electricity,  or  the 
use  of  other  agents.  At  the  end  of  the  year,  however, 
although  all  the  usual  movements  had  for  a  long  time  been 
executed  with  ease,  the  electro-muscular  contractility  of  the 
muscles,  formerly  paralyzed,  still  remained  low  ;  it  was  not 
till  August,  1855,  that  they  were  found,  on  examination,  to 
have  recovered  their  normal  power. 

Case  4. — Mr.  Z ,  a  trumpeter,  a  man  of  forty-nine 

years,  who  had  always  been  healthy,  fell  sick  in  October,  1852, 
of  a  nervous  fever,  from  which  he  did  not  recover  sufficient- 
ly to  undertake  his  former  employment,  till  February,  1853, 
and  then  he  made  the  sad  discovery  that,  while  he  was  able, 
though  with  difficulty,  to  bring  out  the  higher  tones,  the 
lower  ones  were  beyond  his  power.  JS'ow,  to  produce  the 
latter,  it  is  necessary  to  hold  the  mouth-piece  to  the  lips 
very  lightly,  while  for  the  higher  tones  it  is  pressed  close  ; 
the  patient  was,  therefore,  supposed  to  be  affected  with  a 
local  weakness  of  certain  muscles,  induced  in  part  by  his 
recent  malady,  in  part  by  the  lack  of  exercise,  and  he  was 
accordingly  recommended  to  a  stimulating  diet,  spirituous 
liquors,  and  to  a  regular,  but  moderate  practice  upon  his 
instrument.  Yet,  notwithstanding  this  treatment,  though 
the  patient  felt  in  other  respects  perfectly  well,  many  months 
passed  without  the  least  change  being  apparent  in  the  local 
difficulties,  and  the  patient  at  last,  by  the  advice  of  his  phy- 
sician, applied  to  me,  May  30,  1853,  for  an  application  of  the 
electric  treatment. 

I  found  him  a  large,  well-built,  rather  muscular  man, 
who  at  each  respiration  expanded  the  thorax  to  its  normal 
extent.  His  lungs,  larynx,  etc.,  presented  no  evidence  of 
disease ;  he  could  move  the  muscles  of  the  face  with  free- 
dom in  every  direction,  and  felt  very  distinctly  the  touch  of 
the  hand  upon  any  part  of  the  face.  "When,  however,  I 
pinched  between  my  fingers  the  skin   of  either  cheek,  I 
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thought  I  discovered  more  solidity  of  tissue  on  the  right 
than  on  the  left  side — a  difference,  however,  too  unimpor- 
tant to  be  made  the  basis  of  a  diagnosis.  I  now  faradized 
the  muscles  of  the  face  separately,  and  found  that  the  elec- 
tro-muscular contractility  of  the  right  side,  as  compared 
with  the  left,  was  considerably  lowered ;  that,  in  particular, 
the  M.  zygomaticus  major,  the  M.  depressor  labii  superioris, 
the  depressor  anguli  oris,  and  even  the  M.  orbicularis  oris  of 
the  right  side,  contracted  with  much  less  promptness  and 
energy  than  the  same  muscles  of  the  left,  and  that  the  sensa- 
tion associated  with  the  contraction  of  these  muscles  was 
much  less  distinct  on  the  right  side ;  a  like  variation,  how- 
ever, between  the  Mm.  masseteres  and  temporales  of  the  two 
cheeks  was  scarcely  perceptible.  I,  accordingly,  diagnosed 
an  exudation  in  the  muscular  substance  and  the  cellular  tissue 
of  the  skin  of  the  cheek,  which  seemed  to  extend  upward  to 
the  lower  rim  of  the  cheek-bone,  downward  to  the  lower  rim 
of  the  inferior  jaw-bone,  and  outward  to  the  processus  coro- 
noideus  of  the  latter.  The  electric  current  was  accordingly 
directed  upon  the  suffering  parts,  and  with  such  effect,  that 
the  patient,  after  thirty  sittings,  was  able,  though  still  with 
difficulty,  to  produce  the  deep  tones.  On  subjecting  him 
again,  November  3,  1853,  to  an  examination,  I  found  the 
electro-muscular  contractility  and  sensibility  of  the  Mm. 
zygomatici,  the  M.  depressor  lab.  sup.,  etc.,  perfectly  normal 
on  both  sides. 

Case  5. — Julius  C ,  of  Griineberg,  a  small,  weakly, 

misshapen,  but  apparently  healthy  boy,  of  twelve  years,  was 
born  with  a  club-foot  (pes  varus),  for  the  correction  of  which 
defect  the  tendon  of  the  M.  tibialis  ant.  had  been  cut  by 
Dieffenbach  in  the  first  year  of  the  boy's  life.  The  parents 
were  at  the  same  time  enjoined  to  support  the  foot  of  the 
child,  as  soon  as  it  made  its  first  efforts  to  walk,  with  a 
strong,  thick  shoe.  Such  a  shoe  the  child  continued  to 
wear  for  seven  months,  when,  on  occasion  of  a  light  fever, 
lasting  a  fortnight,  it  was  laid  aside,  and  the  child  was 
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allowed  to  run  about  in  slippers.  In  the  course  of  its  play, 
probably  in  consequence  of  some  trivial  injury  to  the  tendon 
of  the  tibialis  ant.,  an  inflamed  condition  of  the  part  was 
brought  on,  manifesting  itself  at  first  by  a  local  swelling, 
and  by  painfulness  to  the  touch  at  the  point  where  the  tendon 
had  been  cut,  and  finally  by  a  disturbed  action,  by  which 
the  right  leg  was  bent  back  against  the  upper  part  of  the 
thigh,  while  the  foot  was  abducted  and  extended. 

Every  effort  on  the  part  of  the  patient  to  move  the  leg, 
and  every  attempt  of  the  physician  to  give  it  another  posi- 
tion, were  without  success.  When,  by  leeches,  embrocation 
of  the  ungt.  neapolit.,  and  poulticing,  the  inflammatory  ef- 
fects had  been  subdued,  all  spontaneous  movement  still 
remained  impossible  —  the  leg  retaining  the  position  al- 
ready described.  On  every  attempt  at  locomotion  the  point 
of  the  foot  scarcely  touched  the  ground,  and  the  physicians 
were  frustrated  in  their  repeated  efforts  to  bring  the  leg  to 
its  normal  position.  In  the  course  of  a  period  of  inactivity 
lasting  seven  months,  during  which  time  the  patient  either 
was  moved  about  in  a  hand-carriage  or  limped  around  on 
the  left  leg,  the  nutrition  of  the  right  leg,  especially  of  the 
lower  part  of  the  thigh,  became  deficient,  the  muscles  grew 
thin  and  shrivelled,  and  the  extremity  cold.  When  Geh.  R. 
Langenbeck  witnessed  the  condition  of  the  child,  he  sent 
him  to  me,  April  27,  1857,  to  ascertain  the  electric  state  of 
the  paralyzed  muscles.  The  sensibility  of  the  affected  parts 
was  undisturbed.  All  the  muscles  of  the  lower  part  of  the 
thigh  and  of  the  foot  reacted  very  well,  when  subjected  to  a 
weak  current,  and  only  when  the  E".  peronseus,  the  M.  ex- 
tensor digitorum  comm.,  and  the  M.  tibialis  ant.  were  irri- 
tated at  the  spot  formerly  painful,  was  any  pain  experienced. 
Having  thus  become  convinced  that  the  case  was  one  of 
traumatic  paralysis  in  its  lightest  form,  I  irritated  the  ex- 
tensor digit,  comm.  again,  at  first  with  a  weak  current, 
which,  however,  I  progressively  strengthened  to  such  a  de- 
gree, by  gradually  pushing  in  the  bundle  of  wires,  that  in  con- 
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sequence  of  a  powerful  flexion  of  the  foot  both  it  and  the 
whole  leg  resumed  their  normal  position,  and  the  boy  was 
able,  though  at  first  slowly  and  timidly,  to  walk  about.  In 
the  two  ensuing  weeks  which  the  patient  spent  in  Berlin, 
under  the  application  of  an  intermittent  current,  the  pain- 
ful sensations,  which  extended  along  the  tendon  of  the  tibia- 
lis ant.,  and  had  their  seat  especially  in  the  os  naviculare, 
wholly  disappeared ;  the  muscles  resumed  their  fall  size,  the 
temperature  of  the  leg  became  normal,  and  the  boy  could 
walk  great  distances  without  difficulty. 

Case  6. — M.  L ,  the  son  of  a  physician,  of  Flensburg, 

a  hearty,  corpulent  boy,  who  had  already  passed  through  two 
attacks  of  pseudo-croup,  fell  sick  in  January,  1865,  when  he 
was  one  year  and  eight  months  old,  in  the  following  man- 
ner: On  the  very  day  on  which  his  nurse  was  taken  ill 
with  diphtheria,  he  became  fretful,  had  a  hot  head  and  a 
coated  tongue,  and  threw  up  the  food  he  had  eaten.  An 
inspection  of  his  throat  gave  the  following  results:  white 
exudations,  about  as  large  as  the  head  of  a  pin,  on  the  left 
tonsil,  both  tonsils  inflamed  and  somewhat  swollen.  On  the 
following  day  the  exudations  had  disappeared ;  his  ill-feel- 
ings, however,  continued  eight  days  longer.  About  four 
weeks  later  his  father  remarked  that  his  child,  who  had 
hitherto  been  very  nimble  on  his  legs,  had  become  uncer- 
tain in  his  steps,  complained  of  pains  in  his  legs,  and  fre- 
quently grasped  both  hips  with  his  hands — symptoms  which 
usually  passed  away  in  the  course  of  the  afternoon.  Eight 
days  later,  he  was  unable  to  walk  with  safety,  and  frequent- 
ly fell  or  sank  on  his  knees,  when  he  wanted  to  stand,  while 
in  his  general  health  he  remained  perfectly  well,  and  in  par- 
ticular showed  no  trace  of  any  inflammation  of  the  brain. 
By  the  end  of  February,  the  lower  extremities  were  entirely 
paralyzed ;  they  were  incapable  of  the  least  active  motion, 
and  became  ice-cold ;  their  sensibility  and  susceptibility  to 
reflex  irritation  were  wholly  gone ;  the  bladder  and  the  rec- 
tum were  also  in  a  state  of  paralysis,     ^'either  paralysis 
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of  the  soft  palate  nor  disturbance  of  the  accommodation  of 
the  eyes  ensued.  This  condition  lasted  till  June,  when  slight 
traces  of  motive  power  in  the  upper  part  of  the  thigh,  which 
had  not  become  atrophied,  began  to  be  perceptible.  In 
September,  he  was  able  to  stand  for  a  short  time  on  a  chair ; 
soon  after  he  could  raise  himself  upright  by  taking  hold  of 
some  firm  object.  From  this  time  on,  the  temperature  of  the 
leg  increased.  In  March,  1866,  when  led  by  the  hand,  he 
could  walk  a  few  steps  slowly,  and  the  paralysis  of  the  blad- 
der and  rectum  was  passing  ofi". 

It  was  on  April  13,  1866,  that  I  saw  the  patient  for  the 
first  time.  He  was  now  an  extraordinarily  corpulent  little 
fellow  of  three  years.  The  muscular  development  of  the  leg 
had  suffered  very  little,  and  was  provided  with  a  thick  cush- 
ion of  fat;  the  adductores  and  gastrocnemii  of  both  legs 
were  much  contracted ;  their  temperature  was  now  normal, 
and  reflex  irritability  was  exhibited.  The  question  now 
j)resented  itself  for  our  decision,  whether  the  case  was  one 
of  what  is  called  diphtheritic  paralysis,  or  of  paralysis  from 
other  causes.  The  electro-muscular  contractility  in  the 
quadriceps  femoris,  as  well  as  in  all  the  inferior  femoral 
muscles  of  the  ^N".  peronseus  of  both  legs,  was  so  much  re- 
duced that,  in  view  of  the  previous  course  of  the  disease,  and 
of  the  fact  that,  in  the  outset  of  the  paralysis,  the  electro- 
muscular  contractility  was  raised  to  its  full  power,  and  that 
this  force  is  never  extinguished  by  a  diphtheritic  paralysis, 
we  were  compelled  to  found  the  diagnosis  upon  an  exuda- 
tion in  the  spinal  canal,  occasioned  by  a  chronic  inflamma- 
tion of  the  pia  mater.  The  further  course  of  the  disease 
confirmed  this  diagnosis.  When,  in  May,  1867,  I  saw  the 
boy  again,  he  was  able,  without  external  support,  to  walk 
about  the  room  ;  but,  in  consequence  of  the  imperfect  restora- 
tion of  the  functional  power  of  the  inferior  femoral  extensor, 
in  conjunction  with  the  existing  paralysis  of  the  sural  mus- 
cles, the  upper  part  of  the  body  was  bent  backward,  and  the 
patient  usually  stepped  only  on  the  toes.     In  all  the  muscles 
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that  were  otherwise  brought  into  play,  the  reaction  against 
the  electric  current  had  gradually  improved,  so  that  after 
the  tenotomy  of  the  tendon-achilles,  which  is  probably  ne- 
cessary, a  perfect  cure  may  be  anticipated. 


Having  become  convinced  of  the  importance  of  electrici- 
ty in  the  diagnosis  and  prognosis  of  paralytic  diseases  in 
general,  we  now  proceed  to  the  consideration  of  special  forms 
of  paralysis,  in  order  that,  by  observation  of  the  varying  rela- 
tions of  paralyzed  muscles  and  nerves  toward  the  electric  cur- 
rent, we  may  arrive  at  diagnostic  and  prognostic  criteria.  We 
shall  meet,  after  having  conquered  the  technical  difficulties  of 
such  an  inquiry,  many  other  facts,  the  careful  consideration 
of  which  can  alone  save  us  from  gross  errors.  Thus,  for  ex- 
ample, the  condition  of  a  muscle  subjected  to  local  faradiza- 
tion is  the  product  of  two  factors :  the  motory  excitability 
of  the  intra-muscular  nerve-fibres  and  that  of  the  muscle- 
fibres.^  A  feeble  contraction  under  local  muscular  excite- 
ment may,  therefore,  indicate  either  a  diminished  irritability 
of  the  nerve-fibres,  in  connection  with  a  normal  condition 
of  the  muscle-fibres  ;  or  a  diminished  irritability  of  the  mus- 
cle-fibres, in  connection  with  a  normal  condition  of  the 
nerve-fibres ;  or,  finally,  the  product  of  the  diminished  irri- 
tability of  both  the  muscle  and  nerve  fibres.  Thus  we  are 
obliged  to  proceed  to  further  examinations.  If  a  muscle,  ex- 
cited by  the  force  of  the  will  or  by  the  electric  irritation  of 
the  nerve,  which  ramifies  through  it,  contracts  in  a  normal 
manner,  it  cannot  be  essentially  diseased,  and,  if  the  ex- 
pected reaction  is  wanting,  the  abnormal  effect  is  connected 
with   a   diseased  condition   of  the  intra-muscular  nerve- 

^  The  independent  irritability  of  the  muscle-fibres  has  been  proved  not  only 
by  Bernard  .and  KoUiker's  experiments  in  poisoning  with  curarina,  but  also  by 
the  continued  contraction  of  a  muscle,  while  subjected  to  a  constant  current — 
a  fact  first  observed  by  Wundt— as  well  as  by  the  peculiar  condition  of  a  mus- 
cle in  electrotonus. 
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fibres.^  In  paralyses  of  long  standing,  the  affected  muscles, 
nerves,  and  central  parts  develop  secondary  changes,  which 
exert  an  influence  upon  the  electric  condition,  and  render 
the  diagnosis  difficult.  Finally,  peripheric  and  central  pa- 
ralyses may  occur  at  one  and  the  same  time  in  the  same  in- 
dividual, springing  either  from  one  and  the  same  cause — as 
when  a  tumor,  proceeding  from  the  cortical  substance  of  the 
brain,  and  gradually  increasing  in  size,  compresses  special 
nerves  at  the  base  of  the  cranium — or  from  various  causes, 
as  is  shown  by  the  peripheric  paralysis  frequently  occurring 
with  those  who  are  hysterically  affected. 

On  the  other  hand,  an  examination  by  electricity  not 
only  furnishes  us  the  means  of  distinguishing  the  various 
paralyses  that  proceed  from  the  brain,  the  spinal  marrow, 
the  sympathetic,  the  nerves,  or  the  muscles,  but  it  also 
opens  to  us  still  wider  views  with  reference,  in  the  first 
place,  to  the  special  seat  of  these  varieties,  whether,  for  ex- 
ample, in  a  nervous  plexus,  a  nervous  trunk,  a  whole  muscle, 
or  any  part  of  these,  etc.  If,  in  the  case  of  a  peripheric 
nervous  paralysis,  on  application  of  the  spinal  marrow-plexus 
current,  a  normal  reaction  ensues,  while  such  reaction  fails 
on  application  of  the  spinal  marrow-nerve  current,  we  thus 
find  that  the  chief  difficulty  resides  in  the  conducting  power 
of  the  nervous  trunk.  If  in  a  case  of  muscular  paralysis 
the  anterior  portion  of  the  deltoideus  reacts  badly,  while 
the  middle  and  posterior  portions  contract  according  to 
the  degree  of  excitement,  we  then  assign  the  seat  of  the 
disease  to  the  clavicular  portion  of  the  N.  tliorac.  ant. 
Similar  conclusions  can  be  reached  in  the  case  of  ansesthesia. 
If,  for  example,  in  an  anaesthesia  of  the  skin,  affecting  all 
the  branches  of  a  nerve,  the  normal  sensation  is  felt  along 
the  remotest  ramifications  of  the  excited  nerve,  we  then  know 
that  the  brain,  the  spinal  marrow,  and  the  nervous  trunk, 
are  all  intact,  and  that  the  suffering  arises  from  an  excessive 

*  Vide  M.  Benedikt  on  the  method  of  the  electric  examination  of  the  nervous 
system,  Allgem.  Wiener  Medic.  Zeitung,  1863. 
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excitability  of  the  extremities  of  the  nerves.  A  like  infer- 
ence of  peripheric  disorder  is  permissible  when,  in  the  case 
of  the  complete  anaesthesia  of  a  nervous  extremity,  the  ner- 
vous plexus  or  posterior  nervous  roots  show  a  normal  reac- 
tion ;  the  absence,  however,  of  such  reaction  is  not  a  sure 
proof  of,  on  the  other  hand,  a  more  central  disorder,  for  in 
the  latter  case  either  excessive  irritability,  or  interrupted 
communication,  or  some  cerebral  derangement,  may  occasion 
the  anaesthesia. 

An  examination  by  electricity  informs  us,  in  the  second 
place,  concerning  the  origin  of  the  malady.  It  enables  us, 
for  example,  to  distinguish  between  a  paralysis  of  the  ex- 
tensors, caused  by  the  poisonous  action  of  lead,  and  a  paraly- 
sis of  the  E".  radialis  arising  from  rheumatic  causes^ 

In  the  third  place,  this  mode  of  examination  furnishes  us 
insights  concerning  the  degree  of  nutritive  disturbance  in 
the  nerve  or  muscle  affected.  It  has  been  long  known  that 
the  degree  in  which  a  muscle  is  disordered  may  be  meas- 
ured by  the  degree  to  which  its  electro-muscular  contractili- 
ty is  reduced,  as  shown  by  the  induction  current,  and  that 
results  of  great  importance  in  prognosis  may  be  thus  reached. 
Benedikt  and  Brenner  have,  however,  ascertained,  by  the 
application  of  the  constant  current,  that  the  opening  or  clos- 
ing of  the  circuit  leads  to  no  less  important  results. 

Brenner  has  even  ^  drawn  up  a  definite  scale,  according 
to  which,  in  neuropathic  or  myopathic  paralysis,  a  muscle 
loses  its  physiological  power  of  reaction. 

1st  stage :  Influence  of  the  will  checked,  but  reaction 
under  the  induction  and  constant  currents.  2d  stage :  Ef- 
fect of  the  induction  current  lowered  or  raised  ;  effect  of  the 
constant  current  exhibited,  often  to  a  high  degree.  3d 
stage:  I*To  effect  produced  except  by  the  opening  of  the 
ascending  constant  current.  4th  stage;  'No  effect  except 
by  the  use  of  the  metallic  current-changer.  5th  stage :  Re- 
currence of  the  convulsive  state.     6th  stage :  Disconnected 

1  L.  c,  p.  293,  et  seq. 
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convulsive  effects  by  reflex  action,  and  through  the  irritation 
of  the  nerves  of  the  skin,  by  means  of  the  secondary  induc- 
tion current.  Yth  stage :  l!^o  degree  of  irritation  produces 
reaction  in  the  nerve,  the  function  of  the  muscle  is  impaired 
or  destroyed. 

Brenner  adds  that  the  muscle,  as  the  malady  increases, 
descends  to  a  lower  and  lower  stage,  often  omitting  inter- 
mediate ones,  while,  on  the  other  hand,  as  it  gradually  im- 
proves, it  rises  from  the  lower  numbers  of  the  scale  to  the 
higher;  and  that,  moreover,  only  in  the  seventh  stage,  in 
consideration  of  the  occasional  return  of  the  executive  power 
of  a  muscle,  are  the  conditions  unfavorable  for  a  prognosis. 
These  interesting  observations,  of  special  importance  in  their 
bearing  upon  prognosis,  need  the  corroboration  of  additional 
and  carefully-managed  experiments. 

Historically,  Marshall  Hall  was  the  first  to  direct  the 
attention  of  the  physician  to  the  value  of  galvanism  in 
the  diagnosis  of  paralytic  conditions.^  He  asserted  that  the 
degree  of  nervous  irritability  could  be  made  serviceable  as  a 
diagnostic  means  of  distinguishing  spinal  and  cerebral  pa- 
ralysis, since  in  the  former  the  muscular  irritability  dimin- 
ishes, and  in  the  same  degree  the  muscular  contractions  at- 
tendant upon  electric  excitement  become  weaker,  or  alto- 
gether cease ;  while  in  cerebral  paralysis  the  muscular 
irritability  actually  increases,  and  for  the  reason  that  the 
will  is  not  then  able  to  exert  its  influence.  But  Marshall 
Hall,  as  Althaus  ^  justly  observes,  understood  by  "  cerebral 
paralysis  "  a  paralysis  of  the  motor  power  of  the  will,  by 
which  the  muscles  are  deprived  of  the  influence  of  the  brain, 
a  paralysis  which,  according  to  him,  arises  from  disease  of 
the  brain,  or  from  diseases  of  the  dorsal  region  of  the  spinal 
column ;  by  "  spinal  paralysis,"  on  the  other  hand,  he  meant, 
not  a  paralysis  occasioned  by  some  affection  of  the  spinal 

*  On  the  Condition  of  the  Muscular  Irritability  in  Paralytic  Muscles ;  Med.' 
Chir.  Transactions,  Series  II.,  vol.  iv. 
2  L.  c,  p.  195. 
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marrow,  but  one  in  which  the  muscles  are  deprived  of  the 
influence  of  this  organ,  such  as,  for  example,  occurs  when  a 
motor  nerve  is  divided. 

These  terms,  which  Dr.  Hall  thus  employed  in  a  sense 
quite  different  from  that  to  which  they  have  been  hitherto 
applied,  have  led  many  writers,  and  in  particular  those  of  the 
Continent,  to  frequent  misapprehension  of  his  positions. 

II. CEREBRAL   PARALYSIS. 

By  cerebral  paralyses,  in  the  wider  sense  of  the  term,  are 
understood  those  which  are  occasioned  by  derangements 
within  the  cavity  of  the  skull.  Romberg  has  the  great 
merit  of  having  brought  into  prominence,  in  his  standard 
text-book,  "  On  the  Diseases  of  the  ISTerves,"  the  important 
diagnostic  and  prognostic  distinction  between  paralyses 
which  affect  the  nervous  filaments  that  proceed  from  the 
brain  and  those  which  affect  the  motory  filaments  that  have 
their  course  within  the  brain,  since  the  filaments  that  pro- 
ceed from  the  brain  constitute  simply  the  first  station  of  the 
peripheric  path ;  ^nd  consequently  the  paralyses  which  affect 
them  should  be  called  peripheric,  while  only  those  should 
be  designated,  in  the  stricter  sense,  cerebral,  which  attack 
the  nerves  in  their  course  within  the  brain  itself. 

The  exciting  causes  of  peripheric  paralyses  of  the  cere- 
bral nerves  are  of  the  most  comprehensive  character :  col- 
lections of  a  dyscrasic  nature  upon  the  periosteum,  or  the 
bones  at  the  base  of  the  cerebrum ;  secondary  growths,  tuber- 
cles, aneurismatic  formations  at  the  base  of  the  brain  and 
skull,  etc.  But  paralyses,  in  the  stricter  sense  cerebral,  are 
occasioned  by  the  emission  of  blood  or  frequent  inflammations 
in  the  substance  of  the  brain,  or  by  intumescences  of  a  can- 
cerous or  tuberculous  nature,  or  by  atrophy  or  hypersemia 
of  the  brain.  Romberg  ^  has  also  drawn  attention  to  similar 
cases,  in  which  diseases  of  the  brain  have  injured  the  nerves 

^  L.  c,  p.  807,  et  seq. 
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at  their  point  of  origin  from  the  spinal  marrow  and  the  brain  ; 
and  have  consequently,  without  the  addition  of  any  cerebral 
affection,  produced  peripheric  paralyses — cases,  the  diagnosis 
of  which,  while  always  extremely  difficult,  sometimes  cannot, 
even  with  the  most  careful  survey  of  all  the  symptoms,  be 
made  certain,  unless,  perhaps,  the  electric  current,  by  nicely 
discriminating  the  muscles,  whose  electric  condition  is  im- 
paired, from  those  which,  though  paralyzed,  remain  in  this 
respect  perfectly  sound,  provide  the  means.  But  in  this 
place  we  are  only  concerned  with  paralyses  in  the  stricter 
sense  cerebral.  In  paralyses  of  this  kind,  Marshall  Hall 
affirmed,  as  already  mentioned,  that  the  irritability  of  the 
paralyzed  muscles,  in  comparison  with  the  healthy  ones,  is 
actually  increased,  a  conclusion  to  which  he  was  brought 
while  conducting  the  electric  current  to  the  paralyzed  mem- 
bers, in  a  series  of  cases,  through  two  basins  of  water. 
Pereira,  Copeland,  and,  in  particular,  Todd,^  have  disproved 
the  universal  validity  of  this  assertion,  for  in  many  kinds  of 
cerebral  paralyses  they  found  the  irritability  of  the  para- 
lyzed muscles  not  only  not  heightened,,  but  even  reduced. 
Todd,  after  careful  observations,  was  led  to  the  following 
results : 

1.  In  those  cases  in  which  the  paralyzed  muscles,  when 
subjected  to  the  electric  excitement,  exhibit  stronger  convul- 
sions than  the  homonymous  muscles  of  the  unparalyzed 
members,  a  certain  degree  of  contraction  was  apparent,  corre- 
sponding in  degree  to  the  violence  of  the  convulsion.  There 
was  thus  in  these  cases,  besides  the  paralysis,  an  irritable 
condition  of  the  cerebral  matter,  such  as  is  found  in  apo- 
plexies where  the  brain  is  otherwise  healthy,  in  tubercular 
formation,  but  especially  in  traumatic  injuries  accompanied 
with  meningitis  and  meningeal  apoplexy. 

2.  In  those  cases  in  which  the  electric  excitement  oc- 
casioned no  convulsions,  or  but  slight  ones,  the  muscles 
were  ordinarily  weak,  and  in  a  condition  of  atrophy ;  the 

*  Clinical  Lectures  on  Paralysis,  London,  1856. 
13 
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temperature  and  assimilative  power  of  the  affected  parts 
were  depressed;  and  tlie  paralysis  was  attended  with  a 
structural  modification  of  the  cerebral  substance,  which  arose 
either  gradually,  with  an  atheromatous  deterioration  of  the 
arterial  membranes,  or  suddenly,  in  cases  where  obstructions 
had  occurred  in  the  arteries. 

3.  In  cases  in  which  an  apoplectic  paralysis  had  at- 
tacked men  who  were  not  far  advanced  in  years,  and  had 
always  possessed  good  health,  the  paralysis  being  complete, 
no  difference  was  perceived  as  regards  irritability  between 
the  paralyzed  and  healthy  muscles. 

In  opposition  to  the  position  of  Hall,  Duchenne  claimed 
that  in  cerebral  paralyses  the  electro-muscular  contractility 
and  sensibility  of  the  paralyzed  muscles  remained  perfectly 
normal,  exhibiting  no  variations  more  important  than  are 
frequently  found  between  the  corresponding  muscles  of  the 
two  sides  of  the  body  when  in  a  normal  condition.  I  can, 
on  the  whole,  assent  to  this  proposition  of  Duchenne,  so  far, 
that  is,  as  it  affects  cases  that  have  recently  occurred,  and 
those  paralyses  which,  as  their  effects  show,  proceed  from 
the  substance  of  the  brain  itself.  The  apparently  violent 
movements,  which  in  particular  cases  follow  upon  electric 
excitement,  are,  for  the  most  part,  reflex  movements,  which 
not  only  occur  in  experiments  conducted  like  Marshall 
Hall's,  but  also  when  we  direct  upon  the  muscle  under 
examination  a  sudden,  intense  current.  These  movements, 
however,  are  not  perceived  when  we  gradually  increase  the 
force  of  a  current  which  in  the  outset  was  gentle  and 
steady. 

Case  7. — Mrs.  H ,  nineteen  and  a  half  years  old,  pre- 
viously healthy,  having  been  married  three  years,  was  sud- 
denly attacked,  in  consequence  of  a  change  of  residence, 
eight  weeks  after  her  second  confinement,  with  a  fit  of  apo- 
plexy, and  sank  into  unconsciousness.  After  remaining 
three  days  in  this  condition,  she  was  found  paralyzed  in  her 
left  arm  and  left  leg ;  her  speech  was  difficult ;  the  saliva 
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flowed  from  her  mouth,  which  was  drawn  to  the  left,  and 
she  could  not  see  with  the  left  eye.  In  February  of  the 
following  year,  she  began  to  raise  the  arm  at  the  shoulder, 
and  to  make  the  first  attempts  to  walk. 

On  my  first  visit,  April  11,  1857,  she  could,  by  dragging 
her  leg,  go  up  and  down  the  room ;  the  arm  was  somewhat 
emaciated,  and  its  temperature  lowered ;  she  could  raise  the 
upper  part  to  an  angle  of  Y5  degrees,  but  she  could  not 
stretch  out  her  hand,  the  fingers  of  which  were  convulsively 
closed  ;  the  faculty  of  vision  had  returned,  yet  the  traces  of 
facial  paralysis  were  still  very  apparent.  In  other  respects, 
the  patient  presented  (probably  in  consequence  of  the  long 
continuance  of  an  antiphlogistic  treatment,  and  of  too  low  a 
diet)  all  the  symptoms  of  impoverished  blood :  a  smalh pulse, 
pale  face,  attacks  of  dizziness,  vomiting  of  food,  etc.  The 
electro-muscular  contractility  and  sensibility  of  all  the  par- 
alyzed muscles,  even  the  extensors  of  the  fingers,  remained 
unimpaired. 

Case  8. — Louisa  Kitzerom,  a  healthy  child  up  to  her  fifth 
year,  after  having  for  several  weeks  showed  signs  of  some 
extraordinary  disturbance  of  her  system,  such  as  crying  and 
screaming,  unsteady  movements  of  the  arms  and  legs,  con- 
vulsive movements  of  the  tongue,  etc.,  was  seized,  on 
E'ew- Year's  morning,  1849,  after  a  night  disturbed  by  fever 
and  dreams,  with  a  paralysis  of  the  right  side,  affecting  not 
only  the  right  arm  and  leg,  but  even  the  right  'N.  facialis. 
Upon  the  repeated  employment  of  leeches,  cupping-glasses, 
and  other  antiphlogistic  agents,  the  child  became  more 
quiet,  and  the  facial  paralysis  passed  away ;  but  the  signs  of 
a  generally  disturbed  condition  still  lasted,  and  it  was  half 
a  year  before  she  made  the  first  attempts  to  walk  or  could 
use  her  arm  a  little.  When  I  first  saw  the  patient,  February 
16,  1857,  eight  years  after  the  attack,  she  was  able,  though 
with  much  effort,  to  walk  considerable  distances  ;  she  used 
the  right  arm  comparatively  little,  although,  even  without 
aid,  she  could  perform  with  it  all  the  ordinary  movements. 
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^ot  the  slightest  difference  was  perceptible  between  the 
right  and  left  sides  of  the  face ;  but  the  right  arm  and  the 
right  leg  were  shortened  one  inch,  and  the  right  foot  about 
a  quarter  of  an  inch.  The  bones  of  the  affected  parts  had 
not  suffered  in  their  transverse  measurement,  nor,  though 
particular  muscles  were  but  little  developed,  was  there  any 
atrophy  of  the  parts  affected.  The  paralyzed  extremities 
were  a  bluish  red,  and  felt  cold  to  the  touch,  but  in  the  elec- 
tric condition  of  their  muscles  they  showed  no  variation. 
The  mental  faculties  of  the  patient  had  not  suffered  in  any 
respect. 

On  the  other  hand,  in  cases  of  cerebral  paralysis  of  longer 
duration,  Duchenne's  proposition  is  subject  to  many  excep- 
tions. Thus  cerebral  paralyses  sometimes  occur  which  are 
peculiarly  characterized  by  the  sudden  and  great  changes 
in  the  electric  reaction  of  the  parts  affected  ;  a  reaction,  in 
the  outset,  abnormally  strong,  will  sink  rapidly  below  the 
normal  degree,  or  one  which  began  feebly  will  quickly  rise 
above  the  level.  Cases  of  this  kind  are  owing,  for  the  most 
part,  to  intumescences  in  the  cerebrum,  which  cause  a  pa- 
thological irritation  of  particular  nerves.  Benedikt  ^  pub- 
lishes the  following  case,  which  is  appropriate  here,  and  is 
of  interest,  on  account  of  the  annexed  report  of  a  dissec- 
tion: 

"  Josefa  Miiller,  a  woman  of  the  laboring  class,  aged 
forty  years,  having  been  operated  upon  in  August,  1863, 
for  a  cancer  of  the  breast,  experienced  in  December,  when 
.convalescent,  a  pain  in  the  head,  cramps  of  the  right  lower 
extremities,  tremblings  of  both  the  upper  ones,  strabismus, 
frequent  dizziness,  and  vomiting,  on  which  account  she  was 
removed,  at  the  end  of  the  year  1864,  to  the  clinic  of 
Oppolzer. 

"  The  patient  complained  continually  of  pain  in  the  occi- 
put ;  her  mental  powers,  with  the  exception  of  her  memory 
for  recent  events,  had  not  suffered ;  her  speech  was  slow  and 

^  Medicinisch-Chirurg.  Rundschau,  1864 ;  Vienna. 
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difficult,  but  her  faculty  of  vision  was  unimpaired.  She 
had  cramps  in  the  feet  daily,  continuous  but  slight  trem- 
blings of  the  hand ;  the  action  of  her  right  leg  was  constrained ; 
the  extension  of  the  kne6-joint  only  partially  possible ;  the 
movement  of  the  ankle  and  the  toes  impossible ;  passive  move- 
ments difficult ;  the  left  extremities  were  not  affected.  The 
paralytic  symptoms  underwent  frequent  changes ;  sometimes 
one,  sometimes  another  ophthalmic  muscle  lost  its  power ; 
sometimes  the  tongue  was  turned  to  the  left ;  at  times,  slight 
numbness  glided  along  the  facial  nerve ;  a  similar  alternation 
of  paralysis  and  numbness,  with  normal  motory  power,  af- 
fected the  organs  of  speech  and  deglutition,  and  the  right  upper 
and  lower  extremities.  On  the  lYth  of  February,  amblyopia 
appeared ;  after  that,  in  consequence  of  the  increasing  fre- 
quency and  violence  of  the  paroxysms  of  tremor,  the  patient 
lost  consciousness ;  and  on  the  29th  of  February,  dysentery, 
which  then  prevailed,  put  an  end  to  her  sufferings. 

An  electric  examination  by  means  of  the  induced  cur- 
rent, frequently  applied  to  the  muscles  of  the  paralyzed 
extremities,  showed  that  either  the  electro-muscular  con- 
tractility was  reduced  and  rose  quickly  above  the  normal 
height,  and,  on  continued  faradization,  soon  fell  again,  or 
that  it  was  normal  and  quickly  (twice  in  about  ten  minutes) 
fell. 

On  dissection,  a  cancerous  tumor,  the  size  of  a  walnut, 
was  found  in  the  left  hemisphere ;  the  left  corpus  striatum 
and  optic  thalamus  were  congested  slightly,  and  the  right 
portion  of  the  pons  varolii  and  the  right  lobe  of  the  cerebel- 
lum were  in  a  condition  of  atrophy. 

In  paralyses  of  long  standing  of  the  kind  in  question,  ana- 
tomical changes  in  the  connective  tissue  and  in  the  nerves  and 
central  parts  frequently  occur,  which  also  disturb  the  results 
of  an  electric  examination.  Thus,  for  example,  in  old  cases  of 
apoplexy  a  destruction  of  the  connective  tissue  of  the  paral- 
yzed parts  is  produced,  in  consequence  of  which  the  resist- 
ance to  the  passage  of  the  electric  current  is  much  diminish- 
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ed ;  it  is,  therefore,  necessary  to  direct  a  relatively  stronger 
current  upon  the  muscle  of  the  paralyzed  than  upon  the  cor- 
responding one  of  the  unparalyzed  side ;  the  former,  conse- 
quently, will  contract  with  correspondingly  greater  energy 
than  the  latter,  and  the  sensation  which  accompanies  the  con- 
traction will  be  felt  with  the  more  acuteness.  On  the  other 
hand,  a  thick,  hard  epidermis,  or  an  increase  in  the  quantity 
of  the  connective  tissue,  arising  from  exudation,  may  consider- 
ably augment  the  resistance.  Of  this  character  is  the  case  of 
a  gardener,  who,  having  had  his  leg  paralyzed  by  a  fit  of 
apoplexy,  caused  it  to  be  scourged  with  nettles  one  or  two 
hours  daily,  during  a  period  of  two  years,  the  result  of  which 
was  that,  in  addition  to  the  induration  of  the  epidermis,  an 
increase  in  the  thickness  of  the  connective  tissue  occurred  to 
the  extent  of  at  least  half  an  inch.  In  this  instance  the  con- 
tinned  action  of  a  strong  current  was  necessary,  in  order 
to  call  forth  in  the  muscles  of  the  paralyzed  side  as  ener- 
getic contractions  as  a  current  of  moderate  force  produced 
in  those  of  the  healthy  side.  In  other  cages  an  anaes- 
thesia of  the  skin  or  muscles  of  the  paralyzed  side  af- 
fects the  certainty  of  the  results.  Still  another  point  of 
consideration  is  the  organic  changes  which  in  paralyses  of 
long  continuance  are  effected  in  the  nerves  themselves,  in 
both  their  peripheric  and  central  distribution.  Lastly, 
mention  should  be  made  of  the  destruction  of  the  nervous 
fibres  in  the  central  organs,  a  fact  which  Tiirck  ^  first  ob- 
served. In  cases  where  paralysis  had  been  conditioned  by 
old  apoplectic  attacks,  he  found  in  the  corresponding  spinal 
nerves  of  the  opposite  side  a  decrease,  and,  in  parts,  an 
entire  disappearance,  of  the  primitive  fibres,  their  places 
being  supplied  by  granulated  and  elementary  cells.  Half 
a  year  after  the  paralytic  attack,  the  granulated  cells 
were  only  visible  here  and  there ;  at  a  later  stage  they 
appeared  especially  numerous  above  the  origin  of  the  ner- 

^  Zeitschrift  der  R.  R.  Gesellschaft  der  Aerzte  zu  Wien,  1853.     Heft  10  und 
11,  p.  289,  et  seq. 
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vous  plexus  for  the  upper  and  lower  extremities;  at  last 
they  extended  with  the  spinal  marrow  in  still  increasing 
numbers. 

Case  9. — Madame  Heyer,  a  strong,  healthy  woman,  in 
earlier  life,  now  forty-one  years  old,  married  fourteen  years, 
but  childless,  ceased  to  menstruate  when  she  had  only  reached 
her  thirty-sixth  year,  and  from  that  time  had  complained 
of  headache  and  vertigo.  On  the  21st  of  December,  1857, 
she  was  seized  with  a  fit  of  apoplexy,  by  which  the  left  half 
of  the  body  was  completely  paralyzed.  In  the  course  of 
time  the  facial  paralysis  disappeared,  but  on  the  20th  of  De- 
cember, 1859,  when  I  saw  the  patient  for  the  first  time,  the 
paralysis  of  the  left  extremities  remained  unchanged.  The 
patient  had,  besides,  a  contraction  of  the  upper  part  of  the 
left  arm  and  of  the  left  hand,  and  experienced  pains  in  these 
parts  whenever  she  attempted  to  move  them  or  straighten 
them  out.  The  left  Mm,  deltoideus,  quadriceps  femoris,  and 
glutsei  were  emaciated ;  the  glutsei  were  excessively  relaxed 
and  shrunken,  as  was  also,  though  in  less  degree,  the  M. 
quadriceps  femoris,  while  the  M.  deltoideus,  notwithstanding 
its  emaciation,  felt  tolerably  firm.  The  sensibility  of  the 
skin  to  the  touch  seemed  unimpaired.  In  their  electric  con- 
dition the  paralyzed  muscles  constantly  exhibited  a  great 
diversity  ;  the  left  M.  deltoideus  reacted  more  promptly  than 
that  of  the  healthy  side ;  the  extensors  of  the  left  arm  and 
hand  displayed,  notwithstanding  their  contraction,  a  normal 
electric  condition.  The  reflex  irritability  of  the  leg,  espe- 
cially when  the  motor  points  of  the  M.  vastus  internus 
and  rectus  were  touched  by  moistened  conductors,  was  to  a 
certain  degree  increased,  so  that  the  leg  was  immediately 
thrown  up.  As  for  the  rest,  the  muscles  that  have  been 
named,  and  in  particular  the  glutsei,  corresponding  to  their 
degree  of  relaxation,  reacted  very  badly,  while  the  muscles 
of  the  lower  part  of  the  thigh  and  those  of  the  foot  showed 
a  normal  electric  condition.  The  electro-muscular  sensi- 
bility in  all  the  paralyzed  muscles  of  the  leg  was  lowered. 
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The  patient  had  an  old  look,  and  her  mental  faculties  had 
suffered  under  the  depression  of  a  settled  melancholy. 


In  cerebral  paralyses  proceeding  from  other  causes  than 
those  already  named,  the  muscular  irritability  of  the  para- 
lyzed muscles  is  also  generally  normal.  Thus  Brierre  de  Bois- 
mont,^  in  a  case  of  general  paralysis  arising  from  mental  dis- 
turbance, found  the  muscular  irritability  unimpaired.  In 
corroboration  of  this  result  may  be  adduced  the  cases  of 
three  men  suffering  from  progressive  paralysis  of  the  insane, 
whom,  in  company  with  Dr.  Leubuscher,  I  examined,  July 
12,  1853,  in  the  department  for  the  insane  of  the  workhouse. 

Case  10.— Lary,  an  able-bodied  man,  forty-eight  years 
old,  had  a  heavy,  irregular  gait,  an  unintelligible,  lisping  mode 
of  speech,  a  partial  paralysis  of  the  right  arm,  a  contraction 
of  the  hand,  the  third  and  fourth  finger,  atrophy  of  the  right 
forearm,  and  was  imbecile  in  mind. 

Case  11. — Broth,  thirty  years  old,  formerly  a  clerk,  suf- 
fered under  an  incipient  attack  of  dementia  paralytica.  His 
power  of  speech  was  still  good,  but  his  gait  was  unsettled, 
his  movements  uncertain,  though  he  could  hold  out  his  hand 
without  its  trembling  much.  His  body  was  very  much  ema- 
ciated, his  skin  shrunken. 

Case  12. — Braunschweig,  about  thirty  years  old,  suffered 
under  a  more  advanced  stage  of  dementia  paralytica.  His 
speech  was  broken  and  unintelligible,  his  movements  awk- 
ward, with  trembling  of  the  arm  when  extended  ;  digestion 
good ;  muscular  development  vigorous. 

In  all  three  cases  the  electro-muscular  contractility  of 
the  muscles  of  the  face,  trunk,  and  extremities  was  perfectly 
normal;  with  Broth,  who  was  emaciated,  and  whose  skin 
was  loose,  the  contractions  proceeded  with  more  precision 

^  Diagn.  Untersuchungen  verschiedener  Arten  der  allgemeinen  Lahmung 
mittelst  der  localisirten  Galvanisation.  Annal.  Med.  Phys.  1850 ;  Schmidt's 
Jahrbiicher,  Band  ix.,  p.  110. 
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and  energy  than  with  Braunschweig.  In  consequence  of 
the  torpidity  and  weak  intelligence  of  the  patients,  the  de- 
gree of  electro-muscular  sensibility  could  not  be  determined. 
"We  shall  refer  to  the  distinguishing  peculiarities  of  what 
are  called  the  essential  (spinal)  and  the  cerebral  paralyses  of 
children,  in  the  second  part  of  this  section. 


The  induction  current  should  be  resorted  to,  as  the  only 
sure  and  absolutely  decisive  diagnostic  agent,  in  those  re- 
cent cases,  in  which  the  question  presents  itself,  whether 
a  paralysis  attended  with  cerebral  symptoms  (for  example,  a 
paralysis  of  the  N.  facialis)  owes  its  origin  to  a  pathological 
process  in  the  substance  of  the  brain  itself,  or  is  to  be  as- 
cribed to  an  injury  affecting  the  nerve  in  its  course  along 
the  base  of  the  skull  through  the  canalis  fallopii,  or  beyond 
the  for.  stylomastoideum.  This  current  should  also  be  em- 
ployed in  those  cases  in  which  we  are  in  doubt  whether  a 
paralysis,  accompanied  with  violent  cerebral  action,  is  con- 
nected, on  the  one  hand,  with  an  intermeningeal  apoplexy, 
or  a  tumor  at  the  base  of  the  brain,  or,  on  the  other  hand, 
with  an  extravasation  or  softening  process  in  the  substance 
of  the  brain.  If  the  symptoms  manifested  are  of  peripheric 
origin,  then  the  electro-muscular  contractility,  as  we  shall 
see,  when  we  come  to  peripheric  paralyses,  begins  to  dimin- 
ish with  the  second  week,  and,  as  the  paralysis  becomes  com- 
plete, is,  in  the  second  or  third  week,  wholly  extinct,  while 
in  paralyses  of  a  central  origin  this  contractile  power  is 
found  to  continue  unimpaired.  Ziemssen  ^  has  published 
several  interesting  cases  bearing  upon  this  distinction ;  the 
first  of  these,  the  diagnosis  of  which  was  confirmed  by  a  dis- 
section, we  shall  here  present  in  an  abridged  form : 

"Wilhelm  Diest,  a  weaver,  thirty-three  years  old,  formerly 
uniformly  healthy  and  vigorous,  frequently  suffered  in  the 

^  Ueber  Lahmung  von  Gehirnnerven  durch  Affectionen  an  der  Basis  cerebr. 
Virchow's  Archiv.,  Band  xiii.,  Heft  ii.  and  iii.,  p.  213,  1858. 
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course  of  his  twentieth  year  with  an  inflammation  of  the  eyes. 
In  the  preceding  year  he  had  been  attacked  with  an  intermit- 
tent fever,  which  lasted  six  weeks.  A  short  time  after,  a 
syphilitic  ulcer  broke  out  on  the  prepuce,  which,  having 
been  only  locally  treated,  left  quite  a  large  scar.  Intumes- 
cences of  the  inguinal  glands  followed ;  three  months  later 
nodes  and  red  spots  appeared  on  the  head,  especially  the 
forehead ;  and,  finally,  condylomata  around  the  anus. 

At  th^  end  of  another  three  months  the  patient  was 
suddenly  attacked  with  diplopia,  to  which  ptosis  of  the  left 
upper  eyelid  was  added.  After  still  another  period  of 
three  months,  acute  pains  in  the  head,  and  singing  in  the 
ears,  came  on,  followed  by  distortion  of  the  face,  par- 
ticularly of  the  mouth,  to '  the  left,  difficulty  of  speech,  and 
lastly,  paralysis  of  the  muscles  of  deglutition,  which  made 
it  impossible  to  swallow  fluids  in  any  quantity.  After  the 
paralysis  of  one  side  of  his  face,  Diest  complained  of  head- 
ache. At  last,  soon  after  his  admittance  into  the  hospital, 
August  10,  1856,  a  remarkable  falling  off  of  his  strength  be- 
came apparent ;  his  step  was  heavy  and  uncertain,  rendering 
change  of  place  without  support  impossible.  His  mental 
power  exhibited  no  signs  of  yielding. 

A  closer  examination  showed  a  complete  paralysis  of  !N^n. 
facialis  dexter,  oculomotorius  sinister,  trochlearis  dexter,  and 
both  abducentes ;  an  incomplete  paralysis  of  the  'Nn.  facialis 
sinister  and  oculomotorius  dexter ;  also  an  imperfect  paral- 
ysis in  most  of  the  extensors,  and  all  the  flexors  of  the  hand. 
An  examination,  by  means  of  the  faradic  current,  constantly 
showed  the  electro-muscular  contractility  of  the  completely 
paralyzed  muscles  extinct,  that  of  those  completely  paralyzed 
considerably  reduced.  The  electro-cutaneous  sensibility  was 
normal  on  both  sides.  In  this  case,  supported  by  his  gener- 
ralization  of  the  symptoms,  and  by  the  electric  condition  of 
the  paralyzed  muscles,  Ziemssen  felt  qualified  to  infer  with 
safety  the  central  origin  of  the  paralytic  effects,  and  to  as- 
sume  a  paralysis — one  probably  of  syphilitic  origin — the 
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first  force  of  which  was  spent  upon  the  nerves  distributed 
within  the  cranial  cavity,  depriving  them  in  sojne  places 
partially,  and  in  a  few  wholly,  of  their  conducting  power. 
The  dissection,  which  took  place  twenty  hours  after  death — 
occurring  August  18th,  with  symptoms  of  pulmonary  tuber- 
cles— fully  confirmed  this  diagnosis.  ITot  only  were  tubercles 
and  cavities  found  in  the  lungs,  but  the  brain,  which  was  in 
other  respects  healthy,  showed  traces  of  a  chronic  inflamma- 
tion of  the  pia  mater,  with  effusion  of  serum  and  the  forma- 
tion of  connective  tissue,  through  the  shrinking  of  which 
the  nerves  were  knotted  together.  The  affected  nerves 
themselves  showed  a  degeneration  of  their  peripheric  parts 
corresponding  to  the  intensity  of  the  pressure,  and  the 
muscles,  as  they  consecutively  lost  their  functional  capacity, 
had  been  changed  to  fat.  In  the  short  central  portion  of 
the  affected  nerves,  regressive  metamorphosis,  characterized 
by  an  enormous  accumulation  of  concreted  fatty  granules, 
was  discovered. 


With  cerebral  paralyses  must  be  associated  the  hysterical 
paralyses,  inasmuch  as  in  the  majority  of  cases  their  imme- 
diate cause  is  a  morbidly  obstructed  action  of  the  will, 
though  the  spinal  marrow  and  the  sympathetic  and  periph- 
eric nervous  system  are  not  without  effect  in  producing 
them.  That  these  paralyses  are  not  grounded  in  a  more 
radical  disease  of  the  parts  named,  is  proved :  first,  by  the 
remarkable  alternation  which  frequently  occurs  between 
paralyses  and  the  power  of  motion ;  secondly,  by  the  effect 
of  mental  emotions  upon  them,  since  unexpected  joy,  fright, 
an  impending  peril,  will  often  temporarily  or  permanently 
remove  them ;  thirdly,  by  the  absence  of  any  considerable 
disturbance  of  the  assimilative  function  of  muscles  that  have 
been  paralyzed  by  them  for  many  years.  The  sexual  func- 
tions, in  the  widest  extension  of  the  term,  exercise  the  most 
important  influence  upon  the  development  of  hysteria  in 
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general,  and,  in  particular,  of  hysterical  paralysis,  for  which 
reason  it  is  of  most  frequent  occurrence  with  the  female  sex, 
and  during  the  period  of  puberty ;  and  we  must  probably 
look  for  its  cause  in  the  reaction  of  the  excited  condition  of 
the  sensitive  fibres  of  the  sexual  organs  upon  the  central 
organ.  The  characteristic  signs  of  paralysis  of  this  kind 
are :  1.  The  coincidence  of  the  actual  paralysis  with  anaes- 
thesia of  the  skin,  muscles,  and  bones ;  2.  The  frequent  tran- 
sition, as  the  case  proceeds,  from  anaesthesia  to  hyperaesthe- 
sia,  and  from  a  low  to  a  high  degree  of  motor  irritability ; 
3.  The  insignificance  of  the  operating  cause  compared  with 
the  frequently  serious  nature  of  the  effects. 

Except  in  cases  in  which  the  hysterical  is  united  with 
peripheric  paralysis,  the  electro-muscular  contractility  of  the 
muscles,  whose  motions  are  not  under  the  command  of  the 
will,  is  perfectly  preserved,  although  their  sensibility  is  less- 
ened, or  entirely  gone. 

Case  13. — Miss  Yon  S ,  twenty-six  years  old,  had 

repeatedly  suffered  from  paralysis  of  one  or  the  other  arm  or 
leg,  which  was  generally  quickly  removed  by  the  application 
of  the  induced  current.  In  September,  1866,  she  was  seized 
with  a  paralysis  of  both  legs,  and  at  the  same  time  with  a 
disagreeable  sensation  of  swimming  in  both  eyes,  effects 
which  on  this  occasion  were  so  severe  that  the  patient,  on 
my  first  visit,  E^ovember  28,  1866,  could  not  rise  from  her 
couch  or  lift  her  leg.  When  lying  on  her  back,  she  could 
not  move  either  leg,  more  particularly  the  left,  from  its 
position  on  the  bed.  The  movements  of  the  left  ankle  and 
toes  were  limited ;  the  outer  side  of  the  upper  part  of  the 
left  thigh  was  insensible  to  the  touch,  or  when  pricked 
with  a  pin.  The  electro-muscular  contractility  of  all  the 
muscles  of  both  legs,  when  subjected  to  a  direct  or  indirect 
irritation,  perfectly  normal,  but  the  sensibility  of  the  skin 
over  the  left  M.  vastus  externus,  and  that  of  the  muscle  it- 
self, so  entirely  extinct,  that  the  addition  of  a  moist  and  dry 
conductor  (the  latter  the  wire-brush)  to  a  current  of  maximum 
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force,  applied  one  minute,  was  not  felt.  However,  the  pa- 
tient, after  tlie  induction  apparatus  had  been  applied  ten 
times,  could  walk  a  few  steps  in  lier  room,  and  notwithstanding 
the  continuance  of  the  swimming  sensation,  she  could  stand 
when  her  eyes  were  closed,  without  the  least  wavering.  The 
anaesthesia  passed  away  very  slowly ;  its  domain  was  con- 
fined within  narrower  and  narrower  limits  from  above  down- 
ward ;  but  it  was  not  entirely  removed  till  after  seventy  sit- 
tings. As  the  swimming  sensation  still  continued  in  both 
eyes,  particularly  in  the  left,  and  for  the  most  part  occa- 
sioned the  patient's  uncertainty  of  step,  and  as  she  was  fa- 
tigued by  a  few  minutes'  walking,  the  use  of  the  ordinary 
bath  was  recommended. 

As  respects  the  prognosis  of  hysterical  paralyses,  with 
a  view  to  curative  processes  in  general,  and  to  the  use,  in 
particular,  of  faradization,  no  fixed  data,  as  the  extensive 
practice  of  Duchenne  shows,  can  be  given ;  for  many  paral- 
yses, and  those  apparently  of  the  most  severe  character,  dis- 
appear with  astonishing  quickness  under  the  influence  of 
electricity,  while  others,  frequently  seeming  to  be  very  light 
cases,  defy  this  as  well  as  every  other  remedial  agent.  It  is 
the  paraplegic  form  of  hysterical  paralysis,  in  which  elec- 
tricity has  shown  the  least  favorable  results.  But,  in  general 
terms,  half  the  cases  of  hysterical  paralysis  which  were  sub- 
mitted to  Duchenne — and  they  were  for  the  most  part  cases 
in  which  the  most  diverse  means  of  cure  had  been  in  vain 
employed — were  successfully  treated  by  him  through  the  aid 
of  electricity. 

We  extract  from  Duchenne's  work  ^  the  following  case  : 
"  Marie  Picard,  forty-two  years  old,  perfectly  healthy  till 
her  thirty-eighth  year,  was  seized,  in  consequence  of  long- 
continued  anxiety  of  mind,  with  an  hysterical  attack,  which 
began  with  an  extension  and  stiffening  of  the  toes,  upon 
which  convulsions,  loss  of  consciousness,  and  finally  a  sleep, 
lasting  three  hours,  followed  ;  she  woke  from  her  sleep  feel- 

1  L.  c,  p.  382. 
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ing  perfectly  well.  During  the  first  five  or  six  months  en- 
suing, similar  attacks  occurred  three  or.  four  times  daily ; 
they  then  became  less  frequent,  and,  during  the  last  years, 
intervals  of  four  or  Rye  months  intervened.  About  a  year 
and  a  half  preceding  the  examination  of  her  case,  she  was 
affected  with  pains  in  the  loins,  itching,  difficulty  of  evacua- 
tion, and  paralysis  of  the  bladder.  Later,  her  arms  became 
heavy ;  their  power  of  motion  was  enfeebled.  The  paralysis 
of  the  arms  lasted  from  five  to  six  months ;  was  more 
thorough  on  the  left  than  on  the  right  side,  and  on  the  left 
side  was  united  also  with  a  complete  anaesthesia.  During 
the  past  ten  months,  the  movement  of  the  arms  was  again 
unrestrained  ;  during  the  last  five  months  the  paralysis  also 
of  the  legs  had  improved,  until,  without  any  known  inci- 
dental cause,  two  months  prior  to  her  admission  into  the 
"  Charite  "  Hospital,  the  weakness  in  the  legs  again  sensibly 
increased.  The  last  hysterical  attack  had  occurred  fourteen 
days  before.  At  the  time  of  her  admission,  the  following 
symptoms  were  manifested :  some  agitation  of  mind,  but 
without  pains  in  the  head;  weakness  of  sight  in  the  left 
eye ;  diminution  of  the  sensibility  of  the  left  conjunctiva, 
the  skin  of  the  left  half  of  the  face  and  the  left  hand ;  per- 
fect insensibility  of  the  left  half  of  the  body,  with  loss  of  the 
senses  of  smell  and  taste,  and  enfeebled  hearing  on  the  same 
side ;  anaesthesia,  which,  apparently  affecting  only  the  skin, 
extended  exactly  to  the  middle-line ;  muscular  power  in  the 
left,  upper  extremity  somewhat  lessened ;  weakness  in  the 
left,  and  complete  paralysis  in  the  right  lower  extremities. 
The  patient  had  kept  her  bed  for  five  months ;  the  applica- 
tion, twice  repeated,  of  the  actual  cautery,  and  frequent 
vesication,  had  had  no  effect.  Duchenne  faradized  the  skin 
of  the  upper  and  lower  extremities  a  single  time,  and  after 
a  few  minutes  the  patient  was  able  to  walk  about  with  ease. 
Duchenne  had  just  before  faradized  the  muscles,  whose 
electro-muscular  contractility  was  perfectly  preserved,  but 
without  producing  any  improvement.      On  the  next  day, 
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the  sensibility  was,  in  almost  all  parts,  normal,  perhaps  a 
little  lowered  on  the  left  side ;  the  power  of  motion  was 
unchecked,  and  five  days  after  the  patient  left  the  hospital 
cured." 

On  the  other  hand,  in  the  following  case,  the  treatment 
of  Duchenne  was  without  results,  though  in  the  end  the 
restoration  of  the  patient's  health  came  of  itself : 

A  young  girl,  in  consequence  of  a  fright,  had  been  par- 
alyzed, a  year  before,  in  the  lower  extremities,  and  at  the 
time  had  been  treated  by  very  severe  remedial  agents,  in- 
cluding moxas.  Duchenne  found  the  electro-muscular  con- 
tractility of  the  paralyzed  muscles  perfectly  preserved ;  but 
the  sensibility  of  the  skin  and  muscles  was  lowered  so  much, 
that  the  highest  degree  of  electric  excitement  did  not  pro- 
duce the  least  effect.  Duchenne  undertook  the  cure  of  this 
case  of  hysterical  paralysis  with  great  confidence,  and  con- 
ducted it  in  the  same  manner  as  the > preceding  case;  but 
found  himself  compelled,  after  thirty  sittings,  which  were 
followed  by  no  result,  except,  at  the  most,  a  slight  improve- 
ment in  the  sensibility  of  the  skin,  to  give  up  his  efforts. 
Suddenly,  however,  after  the  electric  treatment  had  been 
for  some  time  discontinued,  nothing  in  the  mean  time  having 
been  attempted,  the  paralysis  disappeared,  and  the  patient 
was  perfectly  restored. 

Benedikt  ^  describes  the  following  case  of  hysterical  pa- 
ralysis, which  attacked  a  person  hysterically  disposed  on  oc- 
casion of  a  wound  received : 

"  P.  M.,  a  woman  of  the  laboring  class,  thirty  years  old, 
who  had  led  a  toilsome,  sorrowful  life,  ^ye  months  before 
the  examination  of  her  case,  was  struck  on  the  elbow  with 
a  piece  of  wood.  For  three  weeks  she  was  afiiicted  with 
cramps,  but  experienced  no  pains ;  then  suddenly  her  whole 
arm,  including  the  shoulder,  was  paralyzed.  On  her  appear- 
ance at  the  clinic  (May  4th),  the  patient,  who  was  much  de- 

^  Beobachtungen  uber  Hysterie.  Zeitschrift  fur  pract.  Heilkuude.  Wien, 
1864. 
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bilitated,  experienced  an  exceedingly  acute  sensation  of  pain 
in  the  sound  arm  and  in  the  upper  part  of  the  wounded  one. 
In  the  upper  part  of  this  arm,  when  touched,  the  patient 
felt  only  a  dull  sensation,  and  in  the  forearm  and  hand  none 
at  all ;  nor  could  any  sensation  be  excited  by  passive  move- 
ments, or  by  electric  contractions  in  the  elbow,  carpus,  and 
phalangeal  bones.  The  electro-muscular  contractility  of  the 
paralyzed  muscles  was  full;  subjected  to  the  spinal-nerve 
current,  the  motor  irritability  of  the  medianus  was  lowered, 
that  of  the  radialis  and  ulnaris  about  normal ;  the  sensibility 
of  the  nerve-trunks  was  increased;  the  hand  exhibited  a 
passive  flexibility.  By  means  of  galvanization,  some  power 
of  motion  was  restored  to  the  fingers  and  wrist  in  six  weeks ; 
as,  however,  on  the  application  of  the  spinal  marrow,  plexus, 
and  nerve  currents,  the  sensitive  and  motor  irritability  in- 
creased so  constantly  that  a  vigorous  galvanic  treatment 
became  impossible ;  and  as  the  faradization  of  the  skin  was 
of  very  transitory  service,  about  the  middle  of  June,  gal- 
vanization— the  patient  being  under  the  influence  of  chloro- 
form— was  performed.  Immediately  after  the  first  sitting, 
the  power  of  motion  in  the  fingers  and  the  wrist  was  fully 
normal,  pronation  and  supination  possible.  After  repeated 
applications,  all  the  movements  were  restored  by  means  of 
faradization  in  a  few  sittings,  a  series  of  them  on  each  occa- 
sion. After  the  twentieth  application,  sensibility  to  passive 
movements  was  again  revived,  without,  however,  the  power 
to  feel  electric  contractions,  or  any  improvement  in  the 
sensibility  of  the  skin  of  the  hand  and  forearm;  on  the 
other  hand,  the  electro-muscular  contractility  was,  to  a  con- 
siderable degree,  restored.  In  the  case  of  this  patient,  an 
interesting  efifect  was  manifested,  which  indicates  a  parti- 
cipation of  the  vaso-motor  nerves,  for  on  those  parts  of  the 
forearm  where  electricity  had  been  applied,  and  in  partic- 
ular the  process  of  faradizing,  scorbutic  spots  appeared." 

We  have  in  this  case  a  peripheric  united  with  an  hyster- 
ical paralysis ;  hence  the  mixed  nature  of  the  symptoms — a 
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heightened  sensibility,  corresponding  to  the  usual  course  of 
hysterical  paralyses,  joined  to  an  extinction  of  electro-mus- 
cular contractility  in  the  paralyzed  muscles. 


n.    SPINAL  PAKALT&ES. 

By  spinal  paralyses  we  understand  such  as  proceed  from 
the  spinal  marrow,  such  as  are  a  result  either  of  an.  injury 
done  to  the  independent  motor  agency  of  the  spinal  mar- 
row or  to  an  interruption  of  its  conducting  power.  Paral- 
yses of  the  first  kind  are  occasioned  by  fractures  of  the 
bones  constituting  the  vertebral  column,  accompanied  with 
injury  to  the  spinal  marrow,  also  by  apoplexies  of  the  spinal 
marrow,  by  myelitis,  by  tabetic  processes,  etc.  Paralyses 
of  the  second  kind  are  occasioned  by  pressure  arising  from 
bony  tumors,  exostoses,  aneurisms,  cancers,  tuberculous  dis- 
ease of  the  vertebral  bones,  or  by  exudations  and  extravasa- 
tions in  the  membranes  of  the  spinal  marrow. 

A.  Paralyses  arising  from'  Injury  to  the  Independent 
Motor  Power  of  the  Spinal  Marrow. 

When  all  the  parts  that  constitute  the  spinal  marrow 
suffer  an  injury,  the  electro-muscular  contractility  and  sensi- 
bility are  entirely  destroyed.  According,  of  course,  to  the 
location  of  the  injury,  different  groups  of  muscles  are 
attacked,  for  all  the  motor  and  sensitive  nerves  that 
branch  out  from  the  affected  spot  are  always  paralyzed. 
According  to  the  amount  and  depth  of  the  injury,  which 
may  either  extend  quite  across  the  spinal  marrow  or  only 
affect  individual  cords,  we  find  all  the  motor  or  sensi- 
tive nerves  that  branch  out  from  the  injured  spot  para- 
lyzed either  to  an  equal  degree  or  in  different  degrees; 
or  the  one  kind  paralyzed  while  the  other  remains  active. 
The  loss  of  electro-muscular  contractility  and  sensibility 
does  not  occur  simultaneously  with  the  injury;  on  the 
14 
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contrary,  soon  after  tlie  injury  we  find  those  muscles  still 
susceptible  of  direct  or  indirect  electric  excitement,  wMcli 
do  not  fail  to  react  till  the  fourth  or  fifth  day,  and  some- 
times not  till  the  second  or  third  week.  .The  paralysis 
of  the  power  of  active  motion,  which  in  the  outset  is 
limited  to  the  sphere .  of  the  nerves  immediately  affected, 
extends  gradually  to  others  not  directly  implicated  in  the 
injury — without,  however,  the  muscles  which  these  nerves 
supply  losing,  with  their  freedom  of  motion,  their  electro- 
muscular  contractility  and  sensibility. 

As  to  the  prognosis  of  these  paralyses,  it  is  so  dependent 
upon  the  degree  to  which  the  electro-muscular  contractility 
and  sensibility  are  depressed,  that  the  more  these  two  quali- 
ties have  suffered,  the  more  stubborn  is  the  cure ;  while, 
moreover,  as  regards  individual  inuscles,  those  whose  con- 
tractility is  least  reduced  suffer  the  least  in  their  assimilative 
power,  and  upon  application  of  electricity  regain  freedom 
of  motion  in  a  short  time,  whereas  those  whose  electro- 
muscular  contractility  and  sensibility  are  impaired,  grow 
emaciated,  and  do  not  for  a  long  time,  if  at  all,  become  fit 
for  use.  If,  in  addition  to  the  entire  absence  of  electro-mus- 
cular contractility  and  sensibility,  complete  anaesthesia  of  the 
skin  is  present,  the  prognosis  seems  to  be  positively  Jiope- 
less. 

Mankopff  (S.  Berl.  klin.  Wochenschrift,  1864,  'No.  1) 
publishes  the  following  case  in  point  from  the  clinic  of  Pro- 
fessor Frerichs : 

Kandal,  a  leather-dresser,  forty-two  years  old,  previously 
healthy,  manifested  about  the  middle  of  May,  1863,  the  fol- 
lowing symptoms  of  a  disordered  condition,  for  which  he 
could  ascribe  no  other  origin  than  his  having  twice  saved 
himself  from  falling  on  a  slippery  sidewalk  by  a  quick,  ener- 
getic jerk  of  the  spine.  Soon  after  he  experienced  pretty 
severe  pains  between  the  shoulder-blades,  which  in  a  few 
days  descended  to  the  region  of  the  loins,  but  which  did  not 
prevent  him  from  continuing  his  daily  work  till  May  29th. 
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Finally,  however,  when  the  pains  had  shot  down  to  the 
points  of  his  toes,  and  were  accompanied  with  a  feeling  of 
great  weakness  in  the  legs,  he  was  compelled  to  seek  his 
bed.  On  the  morning  of  May  30th  the  pains  quite  suddenly 
left  his  lower  extremities,  but  in  their  place  there  was  an 
entire  loss  of  sensation  and  the  power  of  movement,  which 
was  succeeded  in  a  few  days  by  weakness  of  the  arms  a^d 
paralysis  of  the  bladder  and  rectum. 

On  his  admission,  June  6th,  into  the  clinic  of  Professor 
Frerichs,  the  patient,  in  addition  to  great  vital  depression 
and  corresponding  fever,  presented  the  following  type  of 
disease:  The  strength  of  his  hand  was  below  the  normal 
point,  his  lower  extremities  were  without  the  power  of  mo- 
tion. While  the  action  of  the  thorax  was  normal,  the 
patient  was  unable  to  breathe  with  the  abdominal  muscles. 
The  muscles  of  the  upper  and  lower  extremities  contracted 
under  an  equal,  and  that  a  very  slight,  degree  of  electrical 
excitement.  In  the  upper  extremities  the  sensibility  was  a 
little  reduced ;  in  the  lower  extremities,  as  well  as  in  the 
inferior  and  lateral  abdominal  regions,  it  was  entirely  ex- 
tinct. He  was  sensible  of  pain  only  about  the  middle  of  the 
vertebral  column,  and  this  was  increased  by  pressure  upon 
the  proc.  spinosi  of  the  lowfer  dorsal  vertebrae,  which,  how: 
ever,  were  not  displaced.  The  reflex  irritability  was  in  the 
lower  extremities  extinct,  in  the  arms  normal.  In  the  fur- 
ther course  of  the  disease,  with  the  exception  of  the  removal, 
by  cupping,  of  the  pains  in  the  back,  no  change  occurred  in 
the  symptoms  affecting  the  nervous  system,  except  that,  ten 
days  after  the  reception  of  the  patient  into  the  hospital,  the 
electric  irritability  of  the  paralyzed  muscles  became  utterly 
extinct.  An  ominous  decline  in  the  patient's  vitality,  which 
set  in  soon  after  his  entrance,  put  an  end  to  his  sutferings, 
June  26th.  The  dissection  revealed  the  existence  of  acute 
myelitis,  softening  of  the  cervical  part  of  the  medulla  spi- 
nalis, and  secondary  neuritis  at  several  nervous  roots. 

Case  14. — G.  L.,  a  merchant,  twenty  years  old,  a  man 
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of  good  health,  and  an  experienced  rider,  was  thrown  with 
such  violence  from  an  untamed  horse,  that  he  fell  with  great 
force  on  his  head  and  right  shoulder,  his  head  thus  taking  a 
position  inclined  to  the  left  shoulder.  He  immediately  felt 
an  acute  pain  in  the  neck,  a  peculiar,  warm  sensation  flowing 
along  the  vertebral  column,  and  he  was  paralyzed  in  both  arms. 
After  he  had  been  carried  into  a  house,  in  the  midst  of  inex- 
pressible pains  in  the  neck,  and  had  been  bled,  the  paralysis 
extended,  in  the  course  of  an  hour,  over  both  legs  ;  a  sensa 
tion  of  heavy  pressure  upon  the  breast  rendered  his  breath- 
ing difficult ;  his  consciousness  went ;  and  when  the  patient, 
borne  upon  a  stretcher,  reached  his  home,  he  was,  in  the 
most  complete  sense  of  the  word,  incapable  of  moving  a  sin- 
gle limb.  The  sensibility,  too,  of  the  skin  and  muscles  had 
entirely  fled,  so  that  the  pricking  of  needles  was  not  felt, 
while  the  slightest  touch  upon  the  arm  occasioned  the 
severest  pains.  An  examination,  made  by  Geh.  R.  Langen- 
beck  and  Dr.  Schultz,  gave  a  fracture  of  the  right  proc. 
transversus  of  the  fifth  cervical  vertebra,  making  the  appli- 
cation of  thirty  leeches  necessary.  The  general  and  local 
symptoms  demanded  subsequently  an  energetic  antiphlogis- 
tic treatment  and  frequent  local  bleedings ;  altogether,  with- 
in six  days,  one  hundred  and  twenty  leeches  had  been  ap- 
plied to  the  right  side  of  the  neck.  In  the  mean  time  the 
paralysis  had  also  attacked  the  bladder  and  the  rectum,  so 
that,  in  addition  to  the  administration  of  strong  purgatives, 
the  catheter  had  to  be  employed  two  or  three  times  daily. 
About  eight  days  after  the  unfortunate  accident,  when  the 
fever,  with  its  disturbing  dreams,  had  ceased,  and  the  acute 
pains  in  the  affected  parts  were  somewhat  subdued,  convul- 
sive cramps  attacked  the  legs,  only  excited  at  first  by  a  tick- 
ling of  the  sole  of  the  foot,  but  gradually  afterward  by  the 
lightest  touch  upon  the  leg,  or  even  by  the  mere  thought  of 
such  a  touch.  So  violent  were  the  cramps  that  the  thigh 
was  drawn  up  with  great  force  against  the  abdomen,  and  the 
knees  near  to  the  chin. 
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When,  upon  the  request  of  the  physicians  above  named, 
I  visited  the  patient  for  the  first  time  on  July  19th,  four 
weeks  after  his  fall,  he  lay  in  his  bed,  utterly  incapable  of 
motion.  At  the  seat  of  the  wound,  a  considerable  swelling 
was  noticeable,  which  was  painful  to  the  touch,  and  only 
permitted  a  slight  turning  of  the  head.  Respiration  was 
superficial ;  evacuations  and  urination  very  inert,  the  former 
effected  only  by  the  use  of  strong  purgatives,  the  latter  by 
the  introduction  of  the  catheter ;  temperature  of  the  skin, 
normal ;  appetite  good ;  pulse  small  and  quick.  The  elec- 
tro-cutaneous and  electro-muscular  sensibility  from  the  neck 
to  the  toes  was  depressed,  but  in  difierent  degrees  at  dif- 
ferent points,  so  that  while  the  arms  showed  some  sen- 
sibility, the  legs,  and  especially  the  left,  reacted  very 
feebly  upon  application  of  the  electric  wire-brush.  Again, 
the  buttocks  had  suffered  an  almost  total,  the  lumbar 
region  of  the  back  only  a  partial,  loss  of  sensibility.  The 
electro-muscular  contractility  was  in  no  one  muscle  wholly 
extinct ;  the  right  M.  deltoideus,  the  left  Mm.  sacrolumba- 
lis,  longissimus  dorsi  and  glutsei,  both  Mm.  peronsei,  the  ab- 
dominal muscles  and  the  muscles  supplied  by  the  IST.  radialis 
of  both  arms  reacted  with  comparatively  the  most  energy. 
The  muscles,  particularly  of  the  left  side,  supplied  by  the 
ulnaris,  reacted  very  badly,  as  did  also  both  quadricipetes 
femoris,  and  the  right  glutaeus  maximus.  The  muscles  of 
the  lower  part  of  the  body  were  but  little  emaciated,  while 
the  emaciation  of  the  lower  arm  and  of  the  muscles  of  the 
hand  was  remarkable.  Immediately  after  the  first  faradiza- 
tion, the  patient  was  able  to  move  at  will  the  great  toes  of 
the  right  foot,  and  after  the  third  sitting,  the  little  finger  of 
the  right  hand.  Thus,  from  sitting  to  sitting,  the  power  of 
free  motion  returned,  though  slowly.  The  patient  was  first 
able  to  raise  the  right  arm;  at  a  later  period  the  left;  the 
muscles  of  the  back  regained  their  power,  and  the  sensibility 
of  the  skin  and  muscles  of  the  left  side  returned  simultane- 
ously.    On  the  other  hand,  the  reflex  movements  increased 


214  CASE   OF   TRAUMATIC   PARALYSIS. 

in  violence  from  week  to  week,  and  were  in  the  night-time 
especially  so  severe  that  the  legs  were  drawn  with  force 
against  the  upper  part  of  the  body,  in  consequence  of  which 
we  were  compelled,  after  the  twenty-second  sitting  (Septem- 
ber 3d),  to  pause  for  a  period  of  ten  days  in  the  electrical 
treatment,  though  it  had  been  applied  as  yet  only  about 
every  other  day,  and  in  the  outset,  on  account  of  the  great 
excitability  of  the  patient,  with  a  current  of  little  force.  As, 
however,  in  this  period  of  rest  the  reflex  movements  were 
rather  increased  than  reduced  in  frequency  and  violence,  and 
as  upon  a  second  such  pause,  from  the  1st  to  the  19th  of 
November,  the  same  effect  recurred,  we  continued  the  use  of 
electricity  without  interruption,  and  without  being  troubled 
by  these  movements,  and  found  in  the  end — a  fact  which  I 
wish  here  to  bring  into  prominence — that  the  strengthening 
of  the  muscles,  produced  by  the  continued  application  of 
electricity,  was  the  most  effective  means  of  checking  them. 
From  the  middle  of  August  the  phrenic  muscles  were  from 
time  to  time  irritated  with  a  weak  current,  and  soon  the 
respiratory  movement  became  more  noticeable,  the  inspira- 
tions deeper.  After  the  twenty-fifth  sitting,  the  patient  made 
his  first  efforts  to  write,  and  with  fair  success.  After  the 
fortieth  sitting  (I^ovember  23d),  the  sensibility  of  the  skin 
and  muscles  had  in  great  part  returned,  although  the  nates 
and  the  inner  side  of  the  left  thigh  were  still  exceedingly 
anaesthetic  ;  the  patient  was  no  longer  insensible  to  the  flow 
of  the  urine,  and  evacuation  of  the  faeces  could  be  effected  to 
a  sufficient  extent  with  the  use  of  gentle  purgative  agents. 
The  patient  could  move  all  his  toes  with  freedom ;  the  ad- 
duction of  the  upper  part  of  the  thigh  was  easy,  the  abduction 
was  imperfectly  accomplished ;  the  legs  could  be  extended 
and  raised  a  little,  although  these  movements  were  frequent- 
ly hindered  by  movements  of  a  reflex  and  emotional  nature. 
From  the  beginning  of  the  new  year  (1859)  the  patient 
made  more  rapid  progress  in  the  use  of  the  lower  extremi- 
ties.    At  the  time  of  the  sixtieth  sitting  (February  18th), 
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he  was  able,  when  supported  on  both  sides,  to  walk  a  few 
steps;  the  reflex  movements  were  reduced  in  violence; 
the  sensibility  of  the  skin,  especially  on  the  left  side,  im- 
proved ;  reaction  of  the  muscles,  even  of  the  right  side,  more 
free ;  respiratory  power  almost  normal.  By  the  employment 
of  the  iodide  of  potassium  ointment,  the  pains  and  the  swelling 
on  the  right  side  of  the  neck  had  been  reduced,  and  the  head 
could  now  be  freely  moved  to  the  right  or  left.  Potash- 
baths  were  now  employed.  After  the  eighty-fifth  sitting, 
when  we  temporarily  discontinued  the  electric  treatment  for 
the  sake  of  a  journey  (May  19th)  to  the  Teplitz  baths,  the 
patient  could,  when  supported  by  the  arm,  walk  about  for 
a  quarter-hour  at  a  time,  with  a  free  and  unconstrained 
movement  of  the  limbs.  The  sensibility  of  the  skin  on  the 
left  side  was  normal.  The  extension  of  the  fingers  of  the 
right  hand  with  a  simultaneous  elevation  of  the  wrist  was 
not  yet  practicable ;  the  left  hand,  too,  could  not  yet  be  fully 
extended,  nor  the  fingers  spread  apart ;  but  the  remaining 
movements  of  the  hand  were  performed  with  tolerable  ease, 
so  that  the  patient  was  again  able  to  write  with  freedom 
and  to  play  on  the  pianoforte.  The  assimilative  power  of 
the  muscles  of  the  hand  and  arm  had  improved.  The 
electro-muscular  contractility  and  sensibility  in  the  extensors 
of  the  fingers,  and  preeminently  in  the  right  extensor  carpi 
radialis,  and  the  left  interosseis  ext.  tertius  and  quartus,  still 
remained  depressed;  a  remarkable  difference  of  condition 
was  also  noticeable  between  the  Mm.  sacrolumbales  and 
longissimi  dorsi  of  either  side,  those  of  the  right  reacting 
with  much  less  power  than  those  of  the  left.  Evacuations 
occurred  daily  without  artificial  help  ;  the  urinary  discharge 
was  unobstructed,  though  the  patient  had  often  to  strain  a 
long  time  in  the  beginning,  and  a  simple  respiratory  move- 
ment was  sufiicient  to  check  it.  The  reflex  movement  still 
occurred  at  times  with  severity.  The  use  of  the  baths  at 
Teplitz  for  a  period  of  six  weeks,  and  the  after-employment 
of  the  WaldwoU  baths,  in  Liebenstein,  added  much  to  the 
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patient's  general  strength,  so  that  he  was  now  able  to  walk 
great  distances,  but  to  go  upstairs  was  still  a  difficult  feat, 
and  the  elevation  of  the  wrist  with  the  simultaneous  exten- 
sion of  the  fingers  was  positively  beyond  his  accomplish- 
ment. The  urinary  discharge  was  still  troublesome,  and  the 
variations  in  the  electric  condition  of  the  skin  and  muscles 
continued.  Consequently,  on  the  5th  of  ]N^ovember,  1859, 
the  electric  treatment  was  again  resumed,  and  was  carried 
on  for  some  time  with  tedious  results.  Many  years  were 
needed  for  the  full  restoration  of  the  patient. 


In  those  motor  disorders  which  are  occasioned  by  loco- 
motor ataxia,  and  are  attended  with  a  reduction  of  sensi- 
bility—  disorders  which,  as  their  nature  indicates,  can  be 
traced  to  a  diseased  condition  of  the  posterior  columns  of  the 
spinal  cord  and  posterior  roots  of  the  spinal  nerves,  extend- 
ing thus  only  a  relatively  small  part  of  the  distance  across 
the  spinal  marrow — the  electro-muscular  contractility  and 
sensibility  suffer  comparatively  little.  In  the  electric  con- 
dition, therefore,  of  the  niuscles  of  the  lower  extremities, 
no  conspicuous  departures  from  the  normal  standard  are 
exhibited,  even  in  those  advanced  cases  in  which  the 
•group  of  symptoms — consisting  of  paralysis  of  the  oph- 
thalmic muscles,  peculiar  walk  of  the  patient,  wavering 
motion  when  standing  with  closed  eyes,  sympathetic  dis- 
order of  the  bladder,  etc.,  etc. — ^leave  no  room  for  diagnostic 
doubt.  There  are  even  special  cases  of  this  class,  in  which 
the  electro-muscular  contractility  seems  to  be  raised ;  they 
usually  affect  people  of  extraordinary  excitability  with  the 
fearful  excentric  pains  with  which  the  disease  arising  from 
venereal  excess  is  introduced.  On  the  other  hand,  cases 
occur  in  which  the  irritability  of  the  extremity  which  is 
more  particularly  attacked  is  lowered ;  this  is  made  appar- 
ent by  its  weak  contraction  on  application  of  the  induction 
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current,  and  by  subsequent  convulsions  on  application  of 
the  spinal  marrow  nerve-current. 

Case  15. — J.  H.,  a  merchant  of  Sommerfeld,  who  was 
much  employed  in  a  damp  cellar,  observed,  about  the  begin- 
ning of  Deceraber,  1866,  a  weakness  in  the  toes,  especially 
in  the  great  toe,  of  both  his  feet,  and  a  stiffness  in  their 
movement.  The  latter  trouble  increased  so  rapidly  that,  in 
consequence  of  it,  as  well  as  of  a  difficulty  in  raising  the  leg, 
his  gait,  particularly  in  a  confined  space,  became  unsteady. 
Disturbances  in  the  urinary  and  intestinal  discharges  were 
added.  When  I  visited  the  patient  for  the  first  time,  March 
23,  1867,  his  step  was  very  uncertain ;  he  trod  heavily  on 
the  heels  ;  he  wavered  when  in  a  standing  position,  especially 
when  his  eyes  w^ere  closed ;  he  experienced  a  painful  sensa- 
tion in  the  lumbar  region,  particularly  on  the  right  side, 
and  a  feeling  of  tension  in  the  calves,  as  well  as  stiffness  of 
the  fourth  and  fifth  fingers,  in  particular  those  of  the  left 
hand.  The  lower  extremities,  from  which,  at  an  earlier 
stage  there  had  been  much  perspiration,  were  cold ;  anaes- 
thesia of  the  soles  of  the  feet  had  gone  so  far,  that  the 
patient  was  insensible  to  pain  when  pricked  deeply  with  the 
needle,  and,  when  the  soles  were  touched,  gave  very  indefi- 
nate  indications  of  sensibility.  The  reaction  of  the  muscles, 
when  irritated  by  the  induction  current,  was  normal. 

Case  16. — W.,  a  merchant  of  this  place,  uniformly 
healthy  up  to  his  thirtieth  year,  addicted  to  the  joys 
of  love,  perhaps  to  excess,  was  suddenly  afflicted,  without 
any  known  exciting  cause,  with  an  incontinence  of  the 
rectum  and  bladder,  accompanied  with  constipation  of  a 
very  stubborn  nature,  to  which  were  soon  added  a  feel- 
ing of  weight,  weakness,  and  cold  in  the  left  leg,  an  un- 
certain, heavy  gait,  and  the  sensation  as  of  some  foreign 
substance  under  the  sole  of  the  left  foot.  "VYhen  the 
patient  attempted  to  stand  still  with  his  eyes  shut,  he 
reeled  to  and  fro.  Erections  failed  him — he  was  impo- 
tent ;  but,  at  the  same  time,  the  urine  was  of  normal  char- 
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acter,  and  the  vertebral  column  was  in  no  part  affected. 
By  the  repeated  application  of  the  induction  current 
upon  the  ]!!^.  ischiadicus  and  the  skin  of  the  suffering 
extremities,  the  condition  of  the  patient  was,  in  the 
course  of  four  years,  somewhat  improved;  the  inconti- 
nence of  the  rectum  and  bladder  was  removed;  evacua- 
tions became  generally  regular;  the  foot  was  warmer, 
the  gait  more  settled,  and  the  feeling  as  of  some  foreign 
substance  under  the  sole  of  the  foot  was  dissipated,  but  the 
ability  to  stand,  with  closed  eyes  without  staggering  about, 
was  not  restored ;  and  this  symptom,  together  with  a  sense 
of  pressure  in  urinating,  especially  after  long  walks,  and  the 
inability  to  contract  the  sphincters  ani  et  vesicae,  and,  last  of 
all,  the  impotence  of  the  patient,  plainly  indicated  the  nature 
of  the  difficulty.  The  application  of  the  electric  current  to 
the  !N.  ischiadicus,  or  directly  to  the  muscles  of  the  legs, 
showed  a  reduction  in  the  electro-muscular  contractility  and 
sensibility  of  the  left  leg  as  compared  with  the  right. 


To  this  place  also  belongs  that  species  of  paralysis  which 
we  frequently  see  occurring  in  children,  a  paralysis  which 
is  not  of  apoplectic  origin,  nor  is  occasioned  by  external  in- 
juries, but  is  produced  by  either  a  hypersemia  or  an  inflam- 
mation of  the  spinal  cord.  This  is  known  as  Infantile 
Spinal  Paralysis.^ 

Although  it  is  often  a  matter  of  great  difficulty  to  indi- 
cate the  lines  of  distinction  between  cases  of  apoplectic  and 
of  spinal  paralysis  in  children — ^for  the  distinctions  ^  given 

^  Heine's  Paralysis  infantilis  spinalis ;  Rilliet's  Paralysie  essentielle ;  Du- 
chenne's  Paralysie  atrophique  graisseuse  de  I'enfance ;  W.  Gull's  Paralysis 
during  Dentition. 

*  These  symptomatic  differences  are,  according  to  Heine,  as  follows:  1.  In 
spinal  paralysis,  the  lower  extremities  are  paralyzed  and  contracted  without  a 
contemporaneous  paralysis  of  the  upper ;  in  cerebral,  the  arm  and  leg  of  the 
same  side  are  generally  paralyzed  and  contracted  at  the  same  time.  2.  In 
spinal  paralysis,  the  functions  of  the  mind  and  the  senses  are  undisturbed ; 
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by  Heine,  which  we  reproduce  in  the  foot-note  below,  are 
not  by  any  means  always  satisfactory  ;  nevertheless,  spinal 
paralysis,  as  occurring  with  children,  has  a  stamp  so  peculiar 
to  itself  that  the  experienced  practitioner,  especially  when 
he  seeks  the  aid  of  an  examination  by  electricity,  can  hardly 
be  deceived. 

Heine,^  who  has  the  great  merit  of  having  been  the  first 
to  draw  the  attention  of  physicians  to  this  form  of  paralysis, 
of  so  frequent  occurrence  in  recent  times,  gives  the  following 
grouping  of  its  symptoms,  to  the  general  accuracy  of  which 
the  numeroiis  cases  falling  within  my  own  practice  enable 
me  to  bear  testimony  : 

It  often  happens  that  children,  born  with  sound,  healthy 
constitutions,  at  an  age  of  from  six  to  thirty-six  months,  excep- 
tionally when  older,  with  or  without  preceding  indications  of 
illness,  fall  suddenly  sick,  with  exhibition  of  heat,  conges- 
tive and  irritable  conditions,  fever,  frequent  crying,  and, 
where  difficult  teething  is  added,  the  further  attendant 
effects  thus  induced ;  as  well  as  sometimes  with  symptoms 
of  the  disturbed  development  of  some  exanthematic  malady ; 
or,  finally,  with  those  of  a  rheumatic  fever.  Soon  after, 
convulsions  of  a  light  or  severe  form  break  out,  and  are  re- 
peated with  shorter  or  longer  intervals.  In  other  cases, 
without  any  introductory  symptoms,  the  disease  suddenly 
appears  wdth  convulsions,  foaming  at  the  mouth  and  nose, 
blueness  of  face,  etc.  Often  even  these  precursors  are 
wanting,  or   show  themselves   in  only  a  slight  form,  and 

while  in  cerebral  are  exhibited  a  look  of  more  or  less  simplicity,  imperfect 
powers  of  speech,  involuntary  flow  of  saliva,  weakened  hearing  and  sight  on  the 
affected  side,  sparkles  before  the  eye,  strabismus,  constant  pains  in  the  head. 
3.  In  spinal  paralysis,  considerable  atrophy  and  coldness  of  the  paralyzed 
limbs  are  observable ;  while  in  cerebral  these  peculiarities  are  wanting,  or  exist 
but  to  a  slight  degree.  4.  In  spinal  paralysis,  great  relaxation  of  the  legs ;  in 
cerebral,  great  stiffness,  and  a  spasmodic  condition  of  the  muscles  and  cords, 
are  manifested. 

^  Beobachtungen  iiber  Lahmungszustande  der  untern  Extremitaten  und 
deren  Behandlung  •  Stuttgart,  1840.  Also  Spinale  Kinder  Lahmung:  Stutt- 
gart, 1860. 
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paralysis  comes  on  almost  in  a  single  night.  After  tlie 
malady  has  continued  for  a  longer  or  shorter  time,  with 
greater  or  less  violence,  and  with  or  without  convulsions,  a 
remission  of  the  symptoms  occurs ;  and  the  child,  w^hose  life 
was  before  in  great  danger,  rests  quietly,  though  pale  and 
exhausted,  and  opens  its  eyes  and  looks  around,  as  if  it  had 
just  awakened  from  a  deep  sleep.  Its  parents  begin  to  re- 
joice in  the  hope  of  its  restoration,  when  they  discover  wdth 
alarm  that  their  child  is  paralyzed,  either  in  all  its  extremi- 
ties or  in  one  or  both  legs,  or  merely  in  a  single  arm  or  a 
single  leg,  etc. 

Sometimes,  the  paralysis  is  still  more  extensive ;  in  ad- 
dition to  the  upper  and  lower  extremities,  the  muscles  of 
the  back  are  paralyzed,  so  that  the  patient  cannot  sit  up- 
right, or  certain  lateral  muscles  of  the  body  are  included  in 
the  paralysis,  as  the  stern o-cleido-mastoideus,  etc.,  so  that 
the  head  of  the  patient  is  turned  to  one  side.  .  The  bladder 
and  rectum  generally  remain  untouched,  or  suffer  but  tem- 
porarily. 

In  the  course  of  four  to  eight  weeks,  a  reduction  grad- 
ually occurs  in  the  paralytic  effects ;  if,  in  the  outset,  all 
the  muscles  of  the  extremities  were  paralyzed,  at  a  later 
period  only  those  of  one  side,  or  an  arm  and  leg  of  different 
sides,^  or  the  upper  part  of  an  arm  or  a  thigh,  or  one  only 
of  these,  or  a  calf  and  a  foot,  or  the  lower  part  of  an  arm 
and  a  hand,  or  the  muscles  of  the  back  alone,  remain  par- 
alyzed. However  extensive  the  paralysis  may  have  been 
in  the  beginning,  in  all  the  cases  as  yet  observed,  the  little 
patients  have  still  been  able,  in  a  reclining  posture,  to  draw 
up  the  thigh  a  little  distance,  and  again,  though  with  greater 
difficulty,  extend  it.  The  sensibility  of  the  paralyzed  parts 
continues  almost  always  normal ;  at  the  most,  it  is  a  little 
lowered,  never  raised.      The   temperature  of  the  affected 

^  Heine,  in  his  Monograph  (/.  c,  p,  15),  says  :  "  Cases  of  lumbar  paralysis 
are  in  general  very  rare  ;  none  have  fallen  within  my  practice.  In  Case  18  1 
shall  give  an  instance  of  lumbar  paralysis." 
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members,  after  the  first  attack,  soon  sinks  from  the  normal 
height  lower  and  lower ;  the  legs,  particularly  the  thighs, 
become  cold  and  bluish,  and  the  Reaumur  thermometer, 
held  to  them,  falls  sometimes  to  the  14th  degree.  While, 
as  years  are  added,  the  longitudinal  growth  of  the  paralytic 
extremities  generally  proceeds  with  tolerable  regularity,  the 
atrophy  of  the  afi'ected  parts,  which  soon  follows  the  pa- 
ralysis, increases.  The  trochanters,  the  knee-pans,  and  the 
scapula  remain  imperfectly  developed ;  the  tubular  bones 
have  a  smaller  circumference  than  in  their  normal  condi- 
tion ;  in  some  cases,  the  bones  are  also  deficient  in  their 
longitudinal  growth,  and  their  ligaments  are  relaxed.  Two 
or  three  years  after  the  attack,  when  the  little  patients 
begin  to  put  their  paralyzed  extremities  again  in  motion, 
distortions  arise,  brought  on  by  the  use  of  the  enfeebled 
muscles,  such  as  pes  varus,  valgus,  equinus,  calcaneus  par- 
alyticus, genu  recurvatum,  inversum,  eversum,  paralyticum, 
etc.  The  physiological  cause  of  their  origin  is  as  follows : 
Since  all  the  muscles  of  the  paralyzed  parts  have  not  lost 
their  elasticity  fully  or  to  an  equal  degree,  at  every  move- 
ment those  muscles  which  still  possess  some  vitality,  having 
no  opposition  to  overcome  on  the  part  of  the  antagonist 
muscles,  undergo  a  gradual  shrinkage ;  and  thus,  in  the  end, 
one  or  another,  and  sometimes  several  kinds  of  deformity 
are  contracted  by  the  same  person.  Thus,  when  the  dorsal 
muscles  are  paralyzed,  the  continuance  of  a  sitting  posture 
induces  lordosis ;  and  when  the  lateral  muscles  are  not 
equally  paralyzed,  scoliosis. 

Upon  the  general  health  and  the  duration  of  life  these 
paralyses  exercise  no  detrimental  influence  ;  on  the  contrary, 
they  frequently  are  attended  with  an  inclination  to  a  prema- 
ture physical  development,  and  with  a  certain  immunity 
against  other  diseases,  in  particular,  those  of  an  epidemic 
character. 

That  the  kind  of  paralysis  here  described  belongs  to  the 
class  of  spinal  paralysis  is  shown,  in  the  absence  of  ^ost- 
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mortem  examinations,  to  wliich  we  refer  by  the  following' 
facts :  1.  The  perfect  integrity  of  the  functions  of  the  brain. 
2.  The  occurrence  in  special  cases  of  a  paralysis  of  the  upper 
arm  or  thigh,  without  the  contemporaneous  paralysis  of  the 
lower  arm  and  hand,  or  the  leg  and  foot.  3.  The  quickly- 
following  emaciation  of  the  paralyzed  parts,  and  the  simul- 
taneous check  in  growth.  4.  The  late  origin  and  gradual 
increase  of  distortions  in  form,  in  contrast  with  the  early  oc- 
currence of  these  in  cases  of  cerebral  paralysis.  5.  The  per- 
fect correspondence  of  the  electric  condition  of  the  paralyzed 
muscles  to  their  condition  in  cases  of  spinal  paralysis,  as  op- 
posed to  the  fact  that  the  electro-muscular  contractility  in 
the  apoplectic  paralysis  of  childhood  is  normal. 

We  find,  accordingly,  either  that  the  muscles  of  the  par- 
alyzed parts  have  suffered  but  little  as  regards  their  electro- 
muscular  contractility,  or  that  some  one  smaller  or  larger 
member  has  suffered  in  this  respect  to  a  great  degree.  In 
the  first  case  we  are  authorized  to  conclude  that  the  paraly- 
sis will  pass  off  in  a  comparatively  short  time,  and  may, 
therefore,  make  a  favorable  prognosis ;  while  in  the  second 
case  such  radical  disturbances  in  the  nutritive  processes  are 
present,  that  even  under  the  most  hopeful  conditions  a  treat- 
ment of  long  duration  is  frequently  crowned  with  unsatisfac- 
tory results.  If  we  examine  such  patients  a  short  time  after 
the  paralysis  has  befallen  them,  we  generally  find  a  portion 
of  the  muscles  of  the  paralyzed  parts  normal,  another  portion 
not  so  well  off,  and  a  third  wholly  without  reacting  power. 
Upon  a  later  examination  of  these  patients,  those  paralyzed 
muscles,  whose  electric  contractility  and  sensibility  were  in 
the  outset  of  the  disease  undisturbed,  regain  the  power  of 
active  movement.  Finally,  the  muscles  which,  after  the 
lapse  of  a  year,  are  still  wholly  deprived  of  electric  contrac- 
tility and  sensibility,  become  utterly  degenerate,  and  incapa- 
ble of  a  restoration  of  function. 

We  find  a  very  favorable  case  of  this  kind  of  paralysis, 
one,  however,  in  which  no  mention  is  made  of  the  electric 
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condition  of  the  paralyzed  muscles,  in  Guy's  Hospital  Re- 
ports, vol.  viii..  Part  I.,  1852,  p.  108,  et  seq. 

A.  E.,  a  delicate  child,  with  light  hair  and  blue  eyes,  one 
year  old,  cut,  in  the  course  of  six  weeks,  four  upper  and  two 
lower  incisor  teeth,  without  any  marked  disturbance  in  the 
general  health.  During  a  subsequent  period  of  about  eight 
days  a  light  fever  and  diarrhoea  often  came  on.  The  mother 
observed  one  morning,  after  spending  a  sleepless  night  in 
watching,  that  her  child  could  not  raise  its  right  arm,  which 
hung  loosely  by  its  side.  The  muscles  of  the  shoulder-blade, 
especially,  had  lost  their  tone.  The  paralysis  continued,  and 
the  muscles  began  to  dwindle  in  size.  The  child  could  move 
its  fingers  freely,  but  was  not  able  to  lift  its  arm.  l^o  indi- 
cation of  an  irritation  of  thfe  gums.  Under  an  electric  treat- 
ment of  a  very  light  character,  a  perfect  cure  was  effected  in 
six  to  eight  weeks. 

Of  the  numerous  cases  under  this  head  which  I  myself 
have  examined,  I  shall  first,  to  prove  the  truth  of  the  state- 
ments I  have  made,  describe  two  of  them,  in  which  a  favor- 
able prognosis  could  be  based  upon  the  nearly  normal  elec- 
tric condition  of  the  affected  muscles. 

Case  17. — Paul  Jacoby,  a  small,  lively,  somewhat  scrofu- 
lous boy  of  three  years,  in  October,  1858,  without  any  known 
occasion,  became  morose  and  inert,  lost  appetite,  and  was 
frequently  feverish,  especially  toward  evening.  At  the  same 
time  his  parents  observed  that  his  head  was  held  continually 
inclined  to  the  left  side,  that  he  was  loath  to  walk,  and  that 
in  walking  his  left  leg  dragged.  These  indications  gradually 
became  more  pronounced.  The  little  patient  could,  at  last, 
neither  walk  nor  stand ;  the  muscles  of  the  lower  extremities, 
especially  of  the  thighs  and  buttocks,  became  thin,  and  felt 
lax  and  flabby.  Cantharides  along  the  spine,  embrocations 
and  baths,  had  so  much  improved  the  child's  condition,  that 
its  head  was  less  inclined  to  the  left,  and  a  slight  increase  in 
the  strength  of  the  lower  extremities  was  observable,  l^ever- 
theless,  when,  at  the  request  of  Geh.  Eath  Romberg,  I  first 
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visited  tlie  boy,  April  6,  1859,  six  montlis  after  the  begin- 
ning of  the  disease,  lie  could  neither  stand  nor  raise  the 
thigh  ;  the  movements  of  the  tarsns  and  the  toes  were  free  ; 
the  head  inclined  to  the  left ;  the  sensibility  of  the  skin  and 
muscles  seemed  normal  to  the  touch  and  when  pricked  with 
a  needle.  An  examination  by  electricity  gave  a  tolerably 
good  reaction  of  all  the  affected  muscles  as  regards  their  con- 
tractility and  sensibility,  although  a  not  inconsiderable  dif- 
ference manifested  itself  between  the  extension  of  the  right 
leg  and  the  right  Mm.  glutsei,  and  the  muscles  of  the  same 
name  of  the  left  side,  the  former  reacting  with  much  more 
power.  The  prognosis  was  consequently  a  favorable  one, 
and  in  fact  after  the  sixth  sitting  (April  18th),  the  child  could 
already  stand  a  few  moments  with  the  support  of  a  chair. 
After  the  sixteenth  sitting  (May  23d),  when  led  by  the  hand, 
it  could  walk  about  the  room ;  the  muscles  had  increased  in 
strength  and  size  ;  the  head  was  less  inclined  to  the  left.  On 
the  twenty-sixth  sitting,  with  which,  June  1st,  we  ended  the 
treatment,  the  little  patient  could  walk  several  times  up  and 
down  the  room  without  assistance.  The  dragging  of  the  left 
leg  was  no  longer  apparent ;  the  muscles  felt  firm  and  elas- 
tic. A  slight  inclination  of  the  head  to  the  left  was  the  only 
remaining  trace  of  the  disease,  and  this  also  disappeared  upon 
the  employment  of  the  Sool  bath  at  Eheme,  from  which  the 
patient  returned  completely  cured. 

Case  18. — Paul  AUewelt  was  perfectly  healthy  till  he 
was  a  year  and  a  half  old ;  in  his  sixteenth  month  he  was 
able  to  walk,  and  had  already  at  this  time  cut  six  teeth. 
About  the  middle  of  August,  without  known  cause,  he  fell 
sick  at  the  country-house  of  his  parents;  fever,  light  dis- 
orders of  the  stomach,  and  strong  thirst,  were  manifested ; 
on  the  other  hand,  all  signs  of  cerebral  irritation,  cramps, 
etc.,  were  absent.  When  the  little  patient,  having  been 
confined  to  his  bed  for  eight  days,  rose,  he  could  neither 
hold  his  head  upright,  nor  sit,  nor  raise  his  arms  or  his  feet. 
Within  four  weeks,  by  the  use  of  invigorating  baths,  his 
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condition  was  considerably  improved.  Paul  could  again 
hold  his  head  straight,  sit,  and  use  his  right  arm  and  his  left 
foot  with  freedom ;  on  the  other  hand,  the  upper  part  of  the 
left  arm  and  the  right  thigh  remained  entirely  paralyzed, 
while  the  movements  of  the  left  forearm  and  hand  and  the 
right  leg  and  foot  were  perfectly  free.  When,  at  the  desire 
of  Dr.  Abarbanell,  Jr.,  I  visited  the  patient,  November  16, 
1858,  three  months  after  the  beginning  of  the  malady,  no 
essential  change  had  taken  place  in  his  condition  as  above 
described ;  the  left  arm  could  not  be  moved  from  the  side  of 
the  body,  the  M.  deltoideus  sinist.  was  lax,  the  right  thigh 
could  be  only  slightly  raised,  the  leg  could  not  be  extended ; 
standing  and  walking  were  impossible ;  the  quadriceps  fem. 
dext.  and  the  glutsei  were  lax  and  shrunken.  An  examina- 
tion of  the  electric  condition  of  the  paralyzed  muscles  showed 
the  electro-muscular  contractility  and  sensibility  of  the  left 
deltoideus  lowered,  of  the  remaining  muscles  of  the  upper 
part  of  the  arm  normal ;  in  the  quadriceps  fem.  dext.,  how- 
ever, this  reduction  of  contractility  and  sensibility  was  found 
far  greater ;  the  right  glutaei  also  reacted  more  poorly  than 
the  left.  The  temperature  of  the  paralyzed  arm  and  leg 
showed  no  remarkable  variation.  Accordingly,  a  favorable 
prognosis  could  be  made,  although  a  treatment  of  long  dura- 
tion, especially  of  the  paralyzed  leg,  was  to  be  anticipated. 
In  point  of  fact,  at  the  end  of  January — after  twenty  sit- 
tings— ^the  little  patient  could  already  raise  with  ease  and 
make  use  of  the  affected  arm,  though  it  was  soon  fatigued. 
From  the  middle  of  June — after  forty-two  sittings — he  could 
stand  upright  when  supported  on  both  arms,  and  from  the 
beginning  of  August — after  fifty-four  sittings — he  could 
stand  a  longer  time  without  support.  After  the  sixty-eighth 
sitting — October  23d — Paul  could  walk,  when  led  by  the 
right  arm,  across  the  room,  though  in  so  doing  he  set  down 
the  right  foot  much  out  from  the  line  of  the  body.  After 
the  seventy-fourth  sitting — December  26th — whenever  he  fell 
he  could  rise  without  help,  and  could  walk  up  and  down  the 

15 
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room  alone,  though  still  with  uncertain  steps ;  he  set  the 
right  foot  to  the  floor  in  a  natural  manner ;  he  could  raise 
the  thigh  freely  and  extend  the  leg  with  energy ;  the  assimi- 
lative and  reactive  power  of  the  muscles  had  improved. 
The  few  subsequent  sittings  served  to  give  additional 
strength  to  the  leg. 

But  other  cases  were  not  so  fortunate  in  result  as  those 
above  described.  In  many  cases,  where  important  muscles 
have  suffered  atrophy  and  a  complete  loss  of  electro-mus- 
cular contractility,  all  that  can  be  hoped  for  is,  at  best,  an 
improvement  of  condition  by  means  of  the  electric  irritation 
of  the  muscles  still  capable  of  reaction ;  in  others  not  even 
so  much  as  this  can  be  attained. 

Case  19. — Clara  S.,  a  healthy,  blooming  child,  from 
Russian  Poland,  when  two  years  and  a  half  old  fell  from  a 
carriage  and  wounded  the  skin  of  her  right  thigh ;  the 
injury,  however,  was  so  insignificant  that,  a  few  days  after, 
she  was  able  to  walk  about  without  hinderance.  About  three 
weeks  later,  without  known  cause,  a  light  fever  appeared, 
which  confined  the  child  to  her  bed  for  eight  days.  When 
she  was  again  able  to  rise,  her  parents  remarked  that  the 
right  leg  was  paralyzed.  They  ascribed  this  effect  to  her 
fall  from  the  carriage,  and  hoped  that  with  rest,  invigorating 
washes,  etc.,  the  normal  power  of  movement  would  return. 
Instead  of  this  result  following,  the  leg  became  more  and 
more  emaciated,  grew  cold,  lax,  and  wholly  useless.  At  the 
request  of  Geh.  Rath  Mitscherlish,  on  the  7th  of  September, 
1858 — about  six  months  after  the  accident — I  visited  the 
child.  The  right  leg  was  not  shortened,  but,  in  respect  to 
temperature  and  assimilative  power,  differed  very  greatly 
from  the  left.  The  child  could  neither  go  nor  stand  alone, 
nor  accomplish  any  movement  of  the  leg  except  a  slight 
elevation  and  adduction  of  the  thigh.  The  knee-joint  was 
relaxed,  the  leg  and  foot  inclined  outward;  in  a  standing 
posture  the  right  leg  was  depressed,  and  the  vertebral 
column  was  bent  somewhat  to  the  right ;  when  the  patient 
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lay  face  downward,  the  vertebral  column  was  perfectly 
straight.  As  to  the  muscles,  the  Mm.  sacrolumbalis  and 
longissimus  dorsi,  and  the  glutaei  of  the  right  side  acted 
with  much  less  power  than  the  homonymous  ones  of  the 
left ;  the  reaction  of  the  M.  quadriceps  femoris  was  still 
worse,  and  it  failed  altogether  in  the  extensors  of  the  foot, 
the  Mm.  tibialis  ant.  and  post.,  and  the  peronaeus.  A  very 
unfavorable  prognosis  had,  therefore,  to  be  made,  and,  in 
fact,  though  the  little  patient,  on  December  31,  1858,  after 
thirty-four  sittings,  could  stand  alone  and  could  raise  the 
thigh  a  little  higher  from  the  floor,  and  thus,  when  led, 
could  walk  with  more  ease,  still  not  the  least  favorable 
change  was  observable  in  the  leg ;  on  the  contrary,  the  leg 
and  foot  were  blue  and  cold,  and  were  covered  with  chil- 
blains and  deep  ulcers,  which,  notwithstanding  all  applica- 
tions, were  not  healed  till  the  end  of  February.  From  this 
time,  in  order  to  use  the  muscles  as  much  as  possible,  the 
patient  wore  on  the  joints  of  her  hip,  knee,  and  foot  an  ad- 
justable apparatus  adapted  to  the  purpose,  and,  by  the 
continued  use  of  electricity — three  times  a-week — the  use 
of  the  WaldwoU  baths,  and  by  rubbing  of  the  skin,  she 
improved  so  much  that  when,  at  the  end  of  May,  after 
ninety-six  sittings,  she  went  to  Rehme,  the  reaction  of 
the  dorsal  muscles,  the  glutaei,  and  the  quadriceps  femoris 
was  greatly  increased;  these  muscles  had  augmented  in 
size,  the  temperature  of  the  leg  was  higher,  the  walk  more 
free  and  secure,  and  the  elevation  of  the  leg  easier ;  the 
knee  was  still  stiff,  and  the  leg  and  foot  bent  consider- 
ably outward.  The  Sool  baths  of  Eehme,  which  were 
employed  for  six  weeks,  and  added  to  the  general  strength 
of  the  leg,  had  but  little  influence  upon  the  power  of 
motion,  and  thus,  when,  on  the  4th  of  August,  an  ex- 
amination was  made,  no  observable  contraction  of  the  mus- 
cles of  the  leg  and  foot  could  be  traced,  even  on  the  applica- 
tion of  a  strong  current.  When,  at  the  end  of  September, 
after  one  hundred  and  twenty-five  sittings,  the  patient  left 
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Berlin,  while  all  other  movements  were  more  developed, 
though  the  leg  was  thrown  out  less  in  walking,  the  foot 
much  less  inclined  outward,  and  the  variation  of  the  tem- 
perature of  the  two  legs  much  less  marked,  still  the  bend  and 
turn  of  the  foot  outward  or  inward,  or  even  to  execute  the 
slightest  movement  of  the  toes,  was  not  yet  practicable,  and, 
on  application  of  a  strong  current,  only  a  very  weak  reaction 
of  the  affected  muscles  was  perceptible. 

Case  20. — ^Kichard  G.,  a  year  and  three-quarters  old, 
was  ill  for  about  ^ve  months  with  light  flushes  of  fever, 
which  sometimes  confined  the  little  patient  for  a  few  days  to 
his  bed,  but  passed  away  without  leaving  any  trace,  until,  a 
few  weeks  after,  his  parents  observed  that  the  child  played 
with  the  right  hand,  but  did  not  use  the  right  arm.  They 
soon  also  perceived  a  marked  emaciation  of  this  part,  and 
(January  27,  1862)  brought  the  child  to  me.  The  boy 
was  strong  and  hearty ;  the  right  forearm  and  hand  normal ; 
the  right  arm  somewhat  emaciated;  the  deltoideus  in  a 
condition  of  complete  atrophy ;  the  ligaments  were  relaxed 
to  such  a  degree  that  the  humerus  could  be  luxated  in 
every  direction.  Upon  direct  excitement  a  slight  reaction 
of  the  anterior  part  of  the  deltoideus  was  indeed  still  mani- 
fested, though  an  electric  treatment,  carried  on  for  an  un- 
usually long  time,  had  not  the  slightest  result ;  and  never 
in  any  similar  case  of  great  relaxation  of  the  lig.  capsulare 
humeri  and  its  accessory  ligaments,  have  I  witnessed  a  favor- 
able issue. 

[Organic  Infantile  Paralysis. — The  subject  of  Infantile  Paralysis  is  of 
very  great  importance  both  on  account  of  the  frequency  with  which  cases  oc- 
cur, and  the  difficulty  which  attends  their  cure.  In  the  generality  of  instances 
the  disease  is  allowed  to  take  its  own  course  from  a  mistaken  idea  that  nothing 
can  be  done  toward  its  arrest.  Several  years  ago,  however,  I  pointed  out  the 
true  method  of  treating  the  worst  cases  of  the  affection  in  question.  The 
method  consists  in  the  use  of  the  direct  galvanic  current. 

In  the  New  York  Medical  Journal  for  December,  1866,  I  reported  the  fol- 
lowing cases : 

Case  I. — H.  J.,  male,  aged  five  years,  came  under  my  care  April  19th,  1865, 
to  be  treated  for  paralysis  of  both  lower  extremities.     During  the  previous 
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A  Similar  paralysis  of  the  lower  extremities  occurs  in 
rare  cases  among  adults,  occasioned  either  by  the  influence 
of  some  exanthematic  action,  or  other  unknown  cause.    The 

summer  the  child  had  suffered  from  whooping-cough,  and  when  the  disease  was 
at  its  height  motion  and  sensation  were  suddenly  lost  in  both  legs,  from  the 
hips  down.  Medical  advice  was  at  once  obtained,  and  various  measures  were 
in  consequence  adopted,  without  any  material  benefit.  Sea-bathing  was  then 
recommended,  and  this  was  faithfully  persisted  in  for  several  months,  with  the 
result  of  restoring  sensibility  to  both  limbs,  and  motion  to  the  muscles  of  the 
thighs.  Since  then  strychnia  had  been  administered,  both  by  the  stomach  and 
by  subcutaneous  injections,  without  the  least  improvement  being  effected. 
Upon  examination  with  the  sesthesiometer  I  found  the  sensibility  of  both  limbs 
tolerably  good.  The  mercury  of  a  delicate  thermometer,  the  bulb  of  which  was 
applied  to  the  thigh,  stood  at  90°,  while  below  the  knees  the  temperature  was 
but  82°.  The  child  was  able  to  flex,  extend,  rotate,  abduct  and  adduct  the 
thighs,  and  to  flex  and  extend  the  legs.  There  was  no  power,  however,  over 
the  feet,  and  upon  careful  examination  I  could  not  find  that  a  single  muscle 
situated  below  the  knees  was  capable  of  contracting  from  strong  induction  cur- 
rents. Both  legs  were  atrophied.  They  were  of  the  same  size,  being  at  the 
largest  part  six  and  a  quarter  inches  in  circumference. 

Aside  from  the  paralysis  the  child  appeared  to  be  in  good  health.  Its  ap- 
petite was  good,  there  was  no  pain,  and  it  slept  well  at  night. 

I  directed  that  night  and  morning  both  legs  should  be  put  up  to  the  knees 
in  water  of  the  temperature  of  110°,  and  kept  there  for  twenty  minutes  ;  that 
they  should  then  be  well  rubbed  for  half  an  hour  with  a  coarse  towel,  and  the 
muscles  kneaded  for  the  same  period  ;  the  child  was  also  to  be  brought  to  me 
three  times  a  week  for  faradisation. 

This  treatment  was  continued  for  three  weeks  with  but  little  if  any  benefit. 
During  this  time  I  had  continued  to  use,  very  strong  induction  currents  for  fif- 
teen minutes  to  each  leg  three  times  a  week.  The  machine,  which  was  very 
powerful,  was  put  in  action  by  a  battery  consisting  of  three  Smee's  cells.  The 
current  excited  caused  the  most  intense  pain,  but  did  not  produce  the  slightest 
apparent  contraction  in  any  muscle.  I  then  determined  to  make  use  of  the 
constant  current  derived  from  a  voltaic  pile  of  one  hundred  pairs — and  conse- 
quently possessed  of  great  intensity.  The  poles  were  applied  first  to  the 
tibialis  anticus  of  the  right  leg.  The  instant  the  circuit  was  made  the  foot 
moved  up.  By  continuing  the  experiment,  I  found  that  contractions  could  be 
induced  in  every  muscle  of  both  legs.  I  then  had  an  arrangement  constructed 
for  making  and  breaking  the  circuit  rapidly,  and  persevered  with  the  treatment 
daily  for  a  week.  During  the  whole  of  this  period,  at  every  trial  contractions 
were  invariably  induced  in  every  muscle  upon  the  circuit  being  made  and 
broken.  The  warm  water  frictions  and  kneading  were  also  continued.  I  now 
found  that  the  temperature  of  the  legs  below  the  knees  was  86°,  and  that  the 
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paralysis  in  such  cases  is,  of  course,  subject  to  such  modifi- 
cations as  the  completed  structure  of  the  body  would  induce. 
Among  these  are  the  following :  1.  "  As  the  bones  of  the  adult 

circumference  was,  at  the  former  place  of  measurement,  seren  and  one-eighth 
inches!  The  faicts  that  the  toes  could  now  be  slightly  flexed  and  extended  by 
voluntary  efforts,  and  that  there  was  some  little  power  over  the  gastrocnemii 
muscles,  assured  me  that  the  cure  would  ultimately  be  complete.  In  this  hope 
I  was  not  disappointed.  Amendment  continued,  and  on  the  lYth  of  August, 
when  I  saw  the  child  for  the  last  time  professionally,  power  over  all  the  mus- 
cles of  both  legs  was  almost  completely  restored.  Very  feeble  induction  cur- 
rents now  caused  contraction.  The  tibialis  anticus  was  still,  however,  weak ; 
but  I  have  no  doubt  that,  by  exercise,  it,  as  well  as  all  the  rest,  will  become  well 
nourished  and  strong.  At  this  date  the  circumference  of  the  legs  was  eight 
and  a  half  inches,  and  the  temperature  90°. 

Case  II. — M.  W.,  female,  aged  three  years,  was  brought  to  me  Dec.  6th, 
1864,  suffering  under  paralysis  of  the  right  lower  extremity,  the  consequence 
of  a  fever  with  which  she  had  been  affected  the  previous  summer.  Upon  ex- 
amination, I  found  the  temperature  of  the  leg  below  the  knee  six  degrees  lower 
than  that  of  the  other  limb.  The  circumference  at  the  fullest  part  of  the  calf 
was  an  inch  less  ;  sensibility  was  obtuse,  though  not  entirely  abolished.  With 
the  exception  of  the  flexor  brevis  digitorum,  there  was  complete  paralysis  of  all 
the  muscles  which  act  upon  the  foot  and  toes.  There  was  not  the  slightest  con- 
traction produced  in  any  other  by  strong  induction  currents. 

Previous  to  my  seeing  the  child,  faradisation  had  been  imperfectly  used, 
and  strychnia  and  stimulating  liniments  had  been  employed  without  any  good 
effect.  The  opinion  was  expressed  by  several  eminent  physicians  that  a  cure 
was  impossible. 

I  determined  to  make  use  of  very  powerful  induction  currents,  hot  water, 
rubbing  and  kneading,  as  in  the  case  described.  I  continued  these  measures, 
and  by  the  2'7th  there  was  very  considerable  amendment.  Faradisation  had 
been  employed  at  intervals  of  two  or  three  days  throughout  the  interval.  The 
temperature  of  the  leg  had  increased,  and  contractions  of  the  extensor  muscles 
of  the  foot  and  toes  could  be  excited  to  a  slight  extent.  There  was  no  increase 
of  voluntary  power. 

On  the  20th  of  January  I  applied  a  battery  to  the  limb,  consisting  of  a  plate 
of  zinc  and  one  of  silver,  connected  by  an  insulated  wire.  The  zinc  plate  was 
kept  in  contact  with  the  thigh,  while  the  silver  plate  was  placed  on  the  anterior 
part  of  the  leg.  The  arrangement  was  worn  constantly  for  several  weeks, 
while  the  other  measures  were  not  discontinued.  By  the  first  of  March  there 
was  a  very  decided  improvement  manifested  in  all  the  symptoms,  and  there  was 
an  undoubted  increase  of  voluntary  power.  Still  the  contractions  caused  by 
the  induced  current  were  very  feeble,  and  in  some  of  the  muscles,  as  the  tibialis 
anticus  and  peronei,  could  not  be  excited  at  all.    I  therefore  determined  to 
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are  fully  developed,  that  retardation  in  the  structural  growth 
of  the  affected  members,  which  may  occur  in  cases  of  infantile 
spiral  paralysis,  has  here,  of  course,  no  place.  2.  In  con- 
make  use  of  a  more  powerful  continued  current,  and  had  the  battery  constructed 
which  has  been  referred  to  in  the  history  of  the  previous  case.  As  soon  as  the 
poles  were  applied  to  the  skin  over  the  tibialis  anticus,  this  muscle,  and  others 
in  contact  with  it,  contracted  powerfully.  The  peronei  also  acted  well  under 
its  influence.  I  continued  to  make  and  break  the  circuit  over  different  points 
of  the  leg  for  fifteen  minutes,  every  time  causing  strong  muscular  contractions. 
The  treatment  was  carried  on  three  times  a  week  till  the  1st  of  June,  at  which 
time  voluntary  power  was  restored  to  every  muscle  of  the  leg  and  foot.  The 
tibialis  anticus  and  peronei  were  still  feeble,  but,  with  all  the  others,  had  be- 
come responsive  to  induced  currents.  During  the  months  of  June,  July,  and 
August  the  child  was  sent  to  the  coast,  and  sea-bathing  was  used  every  day. 
During  this  period  no  electricity  was  employed.  It  was  resumed  again  on  the 
1st  of  September.  By  the  20th  of  October  the  little  patient  was  almost  well. 
The  posterior  muscles  of  the  leg  and  those  on  the  side  of  the  foot  were  perfectly 
restored ;  the  extensors  of  the  toes  were  also  quite  powerful,  and  the  peronei 
acted  well ;  the  tibialis  anticus  was  the  only  one  which  was  not  entirely  sub- 
ject to  the  action  of  the  will.  The  temperature  of  the  leg  was  not  appreciably 
below  the  other ;  it  had  not,  however,  regained  its  full  size,  though  it  gradually 
improved  in  this  respect.  The  .lameness,  which  at  first  was  very  well  marked, 
was  now  scarcely  perceptible,  and  was  entirely  obviated  by  a  brace  which  pre- 
vented her  dropping  her  shoulder — a  habit  she  had  acquired  through  the  limbs 
being  weak.  Galvanism  and  faradisation  were  still  continued  once  a  week  to 
the  tibialis  anticus. 

Soon  afterward  I  lost  sight  of  the  patient,  in  consequence  of  my  going  to 
Europe,  and  do  not  know  what  is  her  present  condition. 

Case.  III. — W.  S.,  male,  aged  four  years,  was  placed  under  my  care  Sep- 
tember 2d,  1865,  with  complete  paralysis  of  the  left  deltoid  muscle,  which  had 
persisted  for  over  a  year,  and  which  had  ensued  upon  an  attack  of  measles,  at- 
tended with  great  pain  in  the  back.  Originally  the  whole  extremity  had  been 
paralyzed,  but  the  other  muscles  recovered  their  contractile  power  in  a  few 
days.  At  the  time  I  saw  this  child  they  all  responded  actively  to  induced  cur- 
rents except  the  deltoid,  which  was  absolutely  devoid  of  all  irritability.  The 
arm  could  not,  therefore,  be  raised  from  the  side.  The  muscle  was  shrunken, 
and  the  shoulder,  in  consequence,  much  flattened. 

As  I  have  said,  induced  currents  failed  to  produce  the  slightest  action  in  the 
muscle,  and  though  I  applied  the  full  power  of  an  induction  apparatus  of  much 
greater  strength  than  Duchenne's  or  Rhumkorf 's,  or  any  other  I  have  ever  seen 
used  in  medicine,  no  perceptible  result  followed.  Upon  applying  the  direct 
current  of  my  voltaic  pile,  a  strong  contraction  ensued,  and  similar  actions  fol- 
lowed on  each  formation  and  rupture  of  the  circuit.     This  treatment  was  con- 
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sequence  of  tlie  adult's  greater  energy  of  will,  impelling  liim 
to  bring  into  action  muscles  which  can  be  made  to  perform 
the  duties  of  the  paralyzed  ones,  as  well  as  in  consequence 

tinued  three  times  a  week  till  the  24th.  At  this  time  slight  movements  could 
be  accomplished  by  the  exercise  of  the  will.  Induced  currents  were  now  used 
with  the  effect  of  causing  strong  contractions.  Amendment  continued  to  take 
place,  and  by  the  10th  of  October,  the  muscle  had  acquired  almost  its  full 
power.  The  child  could  raise  the  arm  from  the  side  with  ease,  and  hold  it  in 
this  position  for  half  a  minute.  The  atrophy  had  also  nearly  disappeared.  The 
treatment  was  now  discontinued,  and  gymnastic  exercises  recommended. 

The  voltaic  pile  used  was  the  one  figured  and  described  on  pages  98  and  99 
of  this  treatise. 

Noyr,  this  form  of  paralysis  occurring  in  young  children  is  that  which  Ril- 
liet  and  Barthez  ^  have  described  as  the  Paralysie  essentielle  de  Venfance^  and  to 
which  Duchenne^  has  given  the  name  of  Paralysie  atrophique  graisseuse  de  Ven- 
fance.  Previous  to  the  writings  of  these  authors,  the  affection  in  question  was 
not  distinctly  recognized  as  a  separate  disease,  but  was  confounded  with  a 
much  less  serious  disorder.  Thus  Dr.  West  ^  described  it  tolerably  well  in  a 
paper  on  the  paralysis  of  infants,  but  regarded  it  as  a  variety  of  disease  which 
appeared  under  two  other  forms,  one  of  which  was  congenital,  and  the  other 
of  subsequent  origin.  Both  of  these  were  not,  in  his  opinion,  of  any'  serious 
character.  The  other,  which  was  much  more  severe,  occurred  generally  in 
debilitated  children,  and  without  exhibiting  symptoms  of  any  disorder  of  the 
brain.  Recovery  was  often  only  partial,  and  though  the  general  health  some- 
times became  robust,  the  affected  limb  remained  powerless  and  wasted  away. 

Dr.  Kennedy*  wrote  two  very  excellent  memoirs  on  a  form  of  temporary 
paralysis,  to  which  he  had  observed  children  to  be  liable.  This  came  on  very 
Suddenly,  and  disappeared  in  a  few  days  under  appropriate  treatment. 

Dr.  Handfield  Jones  ^  has  recently  related  the  details  of  several  cases  of  this 
temporary  paralysis,  and  a  number  of  similar  ones  have  been  under  my  own 
charge.  All  recovered  under  the  use  of  strychnia  and  iron,  combined  with 
mild  faradaic  currents  applied  to  the  affected  limbs. 

Duchenne,  in  the  work  to  which  reference  has  been  made,  describes  the 
affection  now  under  notice,  with  much  minuteness,  both  as  regards  its  symp- 
toms and  pathology.  As  the  name  he  gives  it  indicates,  he  considers  it  to  con- 
sist essentially  in  atrophy  of  the  muscles,  attended  with  fatty  degeneration. 
That  this  latter  is  almost  always  the  condition  of  the  muscles,  I  am  very  sure ; 

*  Traite  clinique  et  pratique  des  Maladies  de  I'Enfance.    Paris,  1853,  t.  II.,  p.  335. 
"  De  r  Electrisation  localisee,  etc.    Paris,  1861,  p.  275. 
»  Medical  Gazette,  Sept.  8,  1843. 

<  "Dublin  Medical  Press,"  Sept.  29, 1841,  and  "Dublin  Quarterly  Journal  of  Medi- 
cine," February,  1850. 

»  Clinical  Observations  on  Functional  Nervous  Disorders.    Am.  edition,  1867,  p.  92. 
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of  the  greater  firmness  and  resisting  power  of  the  ligaments 
of  the  adult,  secondary  deformities  are  not  developed  to  the 
same  extent  as  in  the  spinal  paralyses  of  children.     3.  As  in 

at  the  same  time,  my  experience  leads  me  to  the  conclusion  that  the  conversion 
of  the  muscular  tissue  into  fat  is  not  a  necessary  accompaniment  In  the 
article  from  which  I  have  quoted  the  foregoing  cases,  I  stated  that  I  was  dis- 
posed to  regard  it  as  an  affection  in  which  the  muscles  become  atrophied  and 
lose  their  irritability  without  necessarily  undergoing  fatty  degeneration.  Fur- 
ther experience  has  confirmed  me  in  this  opinion.  As  a  rule,  however,  there  is 
no  doubt  of  the  correctness  of  Duchenne's  view  in  relation  to  the  pathology  of 
the  disease.  , 

According  to  this  author,  the  principal  phenomena  which  characterize  what 
I  have  designated  organic  infantile  paralysis,  are  paralysis,  atrophy,  and  in 
some  muscles  a  more  profound  lesion — fatty  degeneration,  or  substitution.  The 
fact  that  Duchenne  himself  thus  admits  that  this  last  condition  is  not  invari- 
able, is  a  serious  objection,  even  if  there  were  no  others,  to  the  term  which  he 
has  applied  to  the  disease.  Its  length  and  the  diflSculty  of  rendering  it  into 
ordinary  English,  have  aided  in  inducing  me  to  propose  the  name  which  stands 
at  the  head  of  this  article. 

Organic  infantile  paralysis  is  generally  preceded  by  febrile  excitement  and 
pain  in  the  back.  This  pain  marks  the  seat  of  the  disease  of  the  spinal  cord, 
to  which  the  paralysis  of  the  muscles  is  due.  What  the  exact  character  of  this 
spinal  affection  may  be,  cannot  generally  be  determined.  In  one  instance, 
when  I  had  the  opportunity  of  making  a  post-mortem  examination  and  of 
inspecting  the  condition  of  the  cord,  I  found  a  cicatrix  partially  filled  with  a 
very  small  clot.  The  paralysis  in  this  case  was  situated  in  the  left  lower  ex- 
tremity, and  had  begun  four  years  previously.  The  lesion  existed  in  the  lower 
part  of  the  dorsal  region,  in  the  left  anterior  column. 

In  some  cases,  doubtless,  the  membranes  of  the  cord,  only,  are  affected, 
and  the  condition  may  be  one  of  simple  congestion  or  of  inflammation,  which 
generally  appears  in  a  chronic  form.  In  others  the  substance  of  the  cord  is 
diseased.  When  the  disease  of  the  cord  or  its  membranes  wholly  or  in  part 
disappears,  so  long  a  time  has  generally  elapsed,  that  the  contractile  power  of 
the  muscles  is  lost,  atrophy  has  begun,  and  fatty  substitution  is  often  going  on. 
The  affection  is  then  entirely  muscular.  The  nerves  are  not  apparently  im- 
paired in  the  integrity  of  their  functions ;  sensibility  is  not  materially,  if  at  all, 
lessened.  There  is  simply  mal-nutrition  of  the  muscles,  not  due  to  any  inability 
of  the  nerves  to  transmit  impressions,  but  to  the  fact  that,  from  central  dis- 
ease, the  proper  stimulus  has  not  been  sent  through  the  nerves  of  the  affected 
parts  to  the  muscles,  for  so  long  a  time,  that  the  latter,  having  lost  the  power 
of  being  excited  by  their  natural  motor  influence,  are  incapable  of  recovering 
their  tone  and  healthy  condition. 

Very  early  in  the  course  of  the  disease,  the  electric  contractility  of  the 
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no  case,  so  far  as  my  observation  goes,  is  the  power  of  loco- 
motion removed,  there  cannot  be  so  great  a  disturbance  in 
the  circulation  of  the  blood,  nor,  consequently,  so  remark- 
affected  muscles  is  abolished.  "When  the  poles  of  an  induction  coil  are  applied 
to  a  healthy  muscle,  contractions  are  produced.  But,  very  soon  after  the 
appearance  of  organic  infantile  paralysis,  this  faculty  begins  to  fade,  and  in  the 
course  of  a  few  months  is  altogether  lost  in  some  of  the  muscles — ^not  in  all, 
for  it  generally  happens  that  some  one  or  more  can  be  excited  to  contractions 
by  strong  induced  currents.  The  power  of  the  will  is  always  lost  over  those 
muscles  in  which  the  electric  contractility  has  disappeared. 

Atrophy  takes  place  on  account  of  deficient  nutrition,  in  consequence  of 
the  original  spinal  disease.  A  less  amount  of  blood  flows  through  the  muscles 
of  the  affected  limb  than  through  those  of  a  corresponding  member  which  may 
be  healthy.  The  muscles  gradually  waste  away  to  mere  cords  of  cellular 
tissue ;  the  muscular  tissue  is  absorbed,  or,  as  is  generally  the  case,  is  replaced 
by  fat. 

Along  with  these  changes  there  is  always  a  reduction  of  temperature  in  the 
affected  parts.  This  sometimes  amounts  to  as  much  as  eight  or  ten  degrees, 
though  generally  it  is  not  more  than  five.  If,  under  the  use  of  appropriate 
means,  improvement  takes  place,  the  first  indication  is  shown  by  the  return  of 
the  temperature  toward  the  natural  standard.  It  thus  becomes  important  to 
have  some  means  by  which  a  very  slight  increase  of  heat  may  be  noticed.  For 
this  purpose  I  use  Becquerel's  disks,  which  are  placed  in  communication  with 
a  galvanometer.  These  disks  consist  of  a  very  thin  plate  of  copper,  about  the 
size  of  a  half-dime,  soldered  to  a  thin  rod  of  bismuth.  This  latter  is  contained 
in  a  small  tube  of  hard  rubber,  furnished  with  a  handle.  The  disks  are  two  in 
number.  One  is  placed  on  the  sound  limb,  and  the  other  on  the  corresponding 
part  of  the  paralyzed  limb.  Both  are  in  connection  by  delicate  silk-covered 
wires  with  the  poles  of  a  galvanometer.  If  the  temperature  of  both  limbs  be 
the  same,  the  needle  of  the  galvanometer  remains  quiet,  if  either  be  warmer 
than  the  other,  the  needle  is  deflected  to  the  north  or  south,  according  as  one 
or  the  other  limb  has  the  higher  temperature.  By  this  apparatus,  very  much 
less  than  the  hundredth  of  a  degree  of  temperature  can  be  determined  with 
absolute  certainty. 

It  is  also  exceedingly  important  to  ascertain  the  condition  of  the  muscles  as 
to  fatty  degeneration.  For,  if  this  process  has  advanced  to  any  considerable 
extent,  the  difficulty  of  effecting  a  restoration  is  much  increased.  No  means 
of  arriving  at  a  correct  conclusion,  in  regard  to  this  point,  is  at  all  comparable 
to  a  microscopical  examination  of  the  suspected  tissue.  Duchenne  has  devised 
a  small  trocar,  which  admirably  answers  the  purpose  of  extracting  a  minute 
portion  of  the  muscle  without  causing  any  more  pain  or  disturbance  than  that 
induced  by  the  prick  of  a  needle. 

The  instrument  is  shown  in  figure  18.    It  is  introduced  open,  as  at  a. 
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able  a  reduction  of  temperature.  4.  On  the  other  hand, 
as  a  result  of  the  double  amount  of  work  devolved 
upon  the   muscles   that   perform   the  duties  of  the   para- 

When  it  is  well  in,  the  small  button,  at  the  under  part  of  the  handle,  is  pushed 
forward.  This  propels  a  half  cylinder  of  steel  against  the  shoulder,  at  the  end 
of  the  trocar,  and  thus  a  small  piece  of  the  muscle  is  detached  and  caught  in 


Fig.  18. 


(a) 


A 


^ 


(^) 


the  cavity.  The  lower  figure  b  represents  the  instrument  ready  to  be  with- 
drawn. By  drawing  the  button  back,  the  bit  of  fibre  can  be  taken  out,  and  is 
then  ready  for  microscopical  examination. 

The  muscles  of  a  part  affected  with  organic  infantile  paralysis  are  very 
interesting  subjects  for  study,  and  their  examination  should  not  be  neglected 
in  any  case  of  the  disease  where  there  is  hope  of  being  able  to  effect  a  cure. 
Indeed,  without  this  examination,  it  is  often  impossible  to  give  any  definite 
opinion  upon  the  subject.  If  the  muscles  are,  to  a  very  great  extent,  replaced 
by  fat,  it  will  be  almost  impossible  to  bring  about  a  cure ;  if,  on  the  contrary, 
such  substitution  has  not  taken  place,  or  if  it  has  only  progressed  to  a  com- 
paratively slight  extent,  a  cure  may  be  safely  promised.  The  absence  of  elec- 
tric contractility  will  not  determine  the  point,  for  this  disappears  long  before 
the  change  begins  in  the  muscle.  Occasionally,  as  I  shall  show  hereafter,  the 
muscular  fibre  preserves  its  state  of  histological  integrity. 

Fig.  19. 


The  progressive  character  of  the  morbid  process  is  well  shown  in  the 
accompanying  cuts.  Figure  19  represents  a  portion  of  the  upper  part  of  the 
tibialis  anticus  muscle  of  a  boy  who  had  suffered  from  organic  infantile  pa- 
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Ijzed  ones,  a  striking  hypertrophy  of  these  muscles  is  in- 
duced. 

Among  other  cases,  the  following  have  fallen  under  my 
observation : 

ralysis  for  over  two  years.  Oil-globules  are  seen  along  the  course  of  the  fib- 
rillse,  these  latter  are  irregular  and  torn,  and  the  transverse  striae  are  becoming 
dim. 

In  figure  20  a  still  more  advanced  stage  is  shown.  This  cut  represents  a 
portion  of  the  same  muscle  taken  from  the  lower  part.  The  transverse  striae 
have  nearly  disappeared,  oil-globules  are  seen  in  large  numbers,  and  fat-cor- 
puscles are  also  abundant. 

Fig.  20. 


In  figure  21  the  progress  of  the  disease  is  well  shown.  The  lower  margin 
of  the  specimen  is  a  mass  of  fat-globules,  and,  throughout  the  whole,  the  trans- 
verse striae  are  absent. 


In  figure  22  a  portion  taken  from  the  same  muscle  one  month  after  the 
preceding  specimens  were  removed,  is  shown.  The  transverse  striae  are  entirely 
gone,  and  the  muscle  is  a  mass  of  oil-globules  and  fat-vesicles. 
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Case  21. — The  two  barons  Yon  H.,  twin-brothers,  well- 
built,  fine,  large  men,  uniformly  healthy,  in  their  eighteenth 
year,  simultaneously  fell  sick  with  the  measles.  These, 
having  run  an  apparently  favorable  course,  were  followed  in 


Fig.  22. 


Figure  23  represents  a  piece  of  the  same  muscle  six  weeks  later.  It  is  now 
nothing  more  than  a  mass  of  connective  tissue,  the  fat  being  almost  entirely 
absorbed,  no  transverse  or  longitudinal  striae  are  to  be  perceived. 


But,  as  I  said,  there  is  not  this  necessary  degeneration  in  every  case  of 
organic  infantile  paralysis.  In  two  cases,  which  had  lasted  over  four  years, 
and  which  were  clearly  due  to  spinal  disease,  I  found  the  structure  of  the 
muscle  unchanged.  There  were  atrophy,  loss  of  electric  contractility,  and 
reduction  of  temperature ;  but  every  specimen  of  the  affected  muscles  that  I 
examined  showed  no  change  from  the  normal  character.  In  every  other 
respect,  the  symptoms  were  similar  to  those  observed  in  ordinary  cases  of  the 
disease.  Improvement  was  very  slow,  but  finally  every  muscle,  except  the  rec- 
tus femoris  in  one,  and  the  tibialis  anticus  of  the  other,  recovered,  and  the 
children  were  enabled  to  walk.  The  affection  in  both  cases  was  confined  to 
the  left  lower  extremity. 

I  am  hence  led  to  the  conclusion  that  fatty  degeneration,  though  the  ordi- 
nary result  of  organic  infantile  paralysis,  is  not  an  invariable  consequence. 
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both  with  a  paralysis  of  the  legs,  inducing  a  constantly  in- 
creasing emaciation  of  those  parts.  When  I  visited  them, 
which  was  not  till  they  had  reached  their  24:th  year,  the  cir- 

The  treatment  of  the  disease  consists  in  the  use  of  general  and  local  means. 
Of  these,  the  latter  are  of  much  the  greater  importance,  especially  after  the 
spinal  affection  has  in  a  manner  subsided,  and  the  disease  is  chiefly  manifested 
in  the  paralyzed  condition  of  certain  muscles. 

During  the  acute  stage,  there  is  nothing  of  so  much  efficiency  as  rest  in 
bed.  I  know  of  no  medicines  which  are  capable  of  producing  any  specific 
action  on  the  spinal  cord  at  this  time,  and  even  after  the  spinal  affection  has 
become  more  chronic,  the  means  mainly  to  be  relied  upon  are  those  which  are 
applicable  to  the  local  trouble  of  the  muscles.  It  is  to  these,  therefore,  that  I 
shall  particularly  ask  attention. 

Strychnia  is  useful,  because  it  is  capable  of  acting  as  a  general  stimulant  to 
the  nervous  system,  and  is,  moreover,  a  tonic  to  the  muscles.  I  generally 
prescribe  it  in  union  with  iron  and  phosphoric  acid,  according  to  the  following 
formula :  E.  strychnia  gr.  1 ;  ferri  pyrophosphatis  3  ss,  acidi  phosphorici 
diluti    ^  ss,  syrupus  zingiberis  |  iiiss.  M.  ft.  mist 

Of  this  a  teaspoonful  may  be  given  three  times  a  day  to  a  child  of  four  years 
old  or  over ;  half  the  quantity  will  be  enough  for  a  younger  child. 

The  immediately  local  means  of  treatment  are  those  which  are  calculated  to 
promote  the  nutrition  of  the  muscles,  and  restore  or  augment  their  contractile 
power.  The  first  end  is  to  be  obtained  by  causing  a  greater  amount  of  blood 
to  flow  through  the  diseased  parts.  The  second  is  best  effected  by  the  per- 
sistent use  of  electricity  and  active  and  passive  exercise. 

Under  the  first  head  are  embraced  heat,  frictions,  and  kneading. 

Heat  is  best  applied  by  means  of  hot  water.  A  temperature  of  from  110° 
to  135°  may  be  used,  and  the  limb  should  be  thoroughly  immersed,  and  allowed 
to  remain  so  for  half  an  hour ;  salt  may  be  added  to  the  water,  with  the  view 
of  augmenting  the  stimulant  effect.  I  think  heat  thus  applied  is  more  effica- 
cious than  when  it  is  used  dry.  The  pores  of  the  skin  are  more  thoroughly 
opened,  and  the  tissues  softened. 

Frictions  with  a  dry  towel,  a  flesh-brush,  or  the  hand,  are  also  exceedingly 
useful.  They  should  be  practised  several  times  in  the  course  of  the  day,  to  the 
extent  of  reddening  the  skin. 

Kneading  the  muscles  affords  a  means  of  exercising  them,  and  of  increasing 
the  amount  of  blood  in  the  vessels.  They  should  be  pinched  firmly  between 
the  fingers  of  both  hands  to  the  extent  of  producing  some  little  pain.  Under 
this  operation,  they  often  lose  their  flabbiness  and  become  firm  and  hard. 
Half  an  hour,  morning  and  evening,  should  be  employed  in  this  way.  Under 
the  second  head  are  embraced  the  more  effectual  measures  for  restoring  the  dis. 
eased  muscles  to  their  normal  condition,  and  electricity  ranks  first  among  them. 

As  generally  used  in  this  country,  little  or  no  benefit  attends  the  use  of 
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cumference  of  the  thighs  of  each  measured,  respectively,  20 
and  21  inches,  the  circumference  of  the  calves  10  and  lOJ 
inches ;  the  latter  dimension,  if  the  normal  relation  of  the 

this  agent.  It  is  either  applied  in  too  weak  a  form,  or  it  is  employed  in  a  man- 
ner not  at  all  calculated  to  do  service.  I  have  seen  the  current  from  an  induction 
apparatus  passed  through  the  body  of  the  operator  and  brought  to  the  affected 
limb  by  his  fingers  being  lightly  passed  over  the  skin,  and  I  have  also  witnessed 
what  is  called  "  galvanizing  "  the  patient,  performed  by  the  poles  of  the  machine 
being  held  in  the  hands.  When  the  agent  in  question  is  to  be  used,  the  cur- 
rent should  be  applied  in  such  a  manner  as  to  localize  it  in  the  aflfected  mus- 
cles, after  the  manner  so  thoroughly  elucidated  by  Duchenne.  This  requires  an 
accurate  knowledge  of  the  anatomy  of  the  parts  concerned. 

Wet  sponges  are  to  be  fastened  to  the  electrodes,  the  skin  is  to  be  well 
moistened,  and  the  contact  of  the  sponges  with  the  skin  is  to  be  made  over  the 
points  of  origin  and  insertion  of  the  paralyzed  muscles,  each  being  taken  up  in 
turn.  In  this  way  the  current  is  made  to  pass  through  the  diseased  parts  more 
efifectually  than  it  would  otherwise  do.  To  perform  the  operation  with  the 
necessary  completeness,  if  an  extremity  is  paralyzed,  at  least  an  hour  is  required 
for  each  seance,  two  or  three  times  a  week.  When  I  employ  the  induced  or 
faradaic  current,  I  make  use,  generally,  of  Kidder's  or  Drescher's  induction 
machine.  I  know  of  no  other  induction  apparatus  which  is  so  convenient  and 
so  effectual  as  these.  They  are  sufficiently  powerful,  are  not  liable  to  get  out 
of  order,  and  can  readily  be  set  in  action. 

But  there  are  many  cases  of  organic  infantile  paralysis  in  which  the  induced 
current  fails  altogether  to  cause  the  slightest  contraction  of  the  muscles,  no 
matter  what  degree  of  power  is  employed.  That  these  cases  are  not  those  in 
which  the  muscular  tissue  is  entirely  converted  into  fat,  is  very  evident,  both 
from  microscopical  examination  and  from  the  effects  of  the  constant  galvanic 
current  in  causing  motion. 

Before  the  introduction  of  the  faradaic  current  into  practice,  the  direct  cur- 
rent was  used  with  success  by  Humboldt,  Aldini,  Majendie,  Nysten,  and  many 
others,  and  even  after  the  discovery  of  the  principle  of  induction,  it  was  pre- 
ferred by  some  practitioners.  In  this  country,  Dr.  Dewees,'  of  this  city,  insisted 
upon  its  advantages. 

Remak  long  contended  for  the  superiority  of  the  direct  galvanic  current 
over  the  induced  or  faradaic,  but  Duchenne,  on  the  other  hand,  was  equally 
strenuous  for  the  latter,  and  appears,  so  far  as  England,  France,  and  this  coun- 
try  are  concerned,  to  have  carried  a  majority  of  the  profession  with  him. 

Stohrer's  zinc-carbon  battery,  an  instrument  which  I  described  and  figured 
in  the  Quarterly  Journal  of  Psychological  Medicine  for  July,  1868,  and  which  is 
also  represented  on  page  105  of  this  treatise,  is  the  best  form  of  constant  cur- 
rent battery  yet  devised. 

1  New  York  Jonmal  of  Medicine,  May  and  July,  1W7. 


240  SPINAL   PABALTSIS   OF  ADULTS. 

thighs  to  the  calves  be  as  three  to  two,  was  accordingly 
four  inches  below  the  true  standard.  The  glutei  muscles 
on    the   contrary,    as   the   patients   made   all   locomotory 

The  employment  of  the  galvanic  current  in  cases  of  paralysis,  in  which  the 
faradaic  current  is  incapable  of  exciting  contraction,  is  beginning  to  attract  the 
notice  which  it  deserves.  Thus  Dr.  C.  B.  Radcliffe,  in  his  article  on  Infantile 
Paralysis,  published  in  the  second  volume  of  Reynolds's  System  of  Medicine, 
says : 

"  There  are  certain  forms  of  paralysis  in  which  the  paralyzed  muscles  do  not 
react  to  the  most  powerful  induced  electric  current,  but  react  energetically  to  a 
galvanic  current  of  low  tension,  slowly  interrupted,  the  petite  current  of  Remak. 
The  diagnostic  and  therapeutic  bearings  of  this  fact  have  not  yet  been  worked 
out,  but  so  far  the  therapeutic  promise  is  good.  The  phenomenon  in  question 
has  been  already  observed  in  several  very  different  cases  ;  in  facial  palsy  (first 
noted  by  Baierlacher) ;  in  certain  cases  of  infantile  paralysis,  discovered  by  J. 
Netten  Radcliffe,  of  London,  and  Hammond,  of  New  York,  independently  of  each 
other ;  in  certain  cases  of  local  palsy,  for  example,  palsy  of  the  extensors  of 
the  forearm,  and  of  other  muscles,  from  lead  poisoning  (Bruckner  and  J.  N. 
RadcliflFe) ;  in  paralysis  of  the  deltoid,  not  from  lead  (J.  N.  Radcliffe) ;  in  certain 
cases  of  muscular  atrophy  (J.  N.  Radcliffe) ;  and  in  paralysis  from  traumatic 
injury  of  a  nerve  (Bruckner)." 

It  would  be  tedious  to  describe  at  length  all  the  cases  of  infantile  paralysis 
which  I  have  treated  with  the  direct  galvanic  current.  If  a  contraction  can  be 
induced  by  it,  recovery  is  merely  a  matter  of  time,  but  if  no  action  of  the  par- 
alyzed muscles  can  be  brought  about,  the  prognosis  must  be  unfavorable.  But 
even  here  there  is  hope,  for  in  a  case  sent  to  me  by  my  friend.  Professor  W.  H. 
Van  Buren,  M.  D.,  where,  after  the  application  of  the  current  from  Stohrer's 
machine,  no  contraction  could  be  caused  in  a  paralyzed  tibialis  anticus  muscle, 
I  succeeded  a  few  days  afterward  in  producing  very  decided  action  by  the  same 
means. 

In  only  four  cases  which  have  come  under  my  notice  was  the  disease  so  far 
advanced  as  to  be  in  my  opinion  incurable.  In  twenty-seven  no  contractions 
of  the  paralyzed  muscles  could  be  effected  by  the  strongest  induced  currents, 
wtile  the  direct  current  of  feeble  intensity  caused  strong  contractions.  As  re- 
marked by  Dr.  Radcliffe  in  the  memoir  already  quoted,  there  appears  to  be  no 
limit  to  the  prospect  of  recovery  if  the  electric  contractility  of  the  muscles  is 
not  utterly  destroyed.  But  in  most  cases  a  long  time  is  required  to  effect  a 
cure,  and  even  when  the  muscles  are  entirely  restored,  they  must  be  reedu- 
cated to  the  performance  of  their  functions.  Few  parents  comparatively  have 
the  patience  to  wait  and  to  devote  the  necessary  time  to  doing  their  part  of  the 
work.  Unless  there  is  a  reasonable  assurance  in  regard  to  these  points,  it  is 
better  not  to  undertake  the  case.  It  is  not,  except  in  recent  cases,  a  matter  of 
days,  or  of  weeks,  but  of  months,  and  sometimes  of  years.    But  even  when  fatty 
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movements  from  the  hip-joint,  were  developed  to  colos- 
sal proportions,  contrasting  strongly  with  the  emaciated 
legs.     Their  walk  was,  therefore,  very  peculiar.     As  the 

degeneration  is  going  on,  the  disease  may  be  arrested  by  the  proper  use  of  the 
direct  current. 

Figure  24  shows  the  appearance  of  a  portion  of  muscle  as  examined  by  the 
microscope,  October  2l8t,  1866. 

Fig.  34. 


Figure  25  represents  a  piece  of  the  same  muscle  from  the  same  part  on  De- 
cember 3d,  six  weeks  after  treatment.  In  the  first,  oil-globules  are  seen  to 
have  displaced  the  muscular  tissue  to  a  great  extent ;  the  transverse  striae  have 
disappeared  entirely  from  some  parts,  and  are  faintly  seen  even  where  they  are 
present.    In  the  second,  the  quantity  of  fat  is  perceived  to  be  very  much  les- 

FiG.  25. 


sened,  and  the  striae  are  very  much  more  numerous  and  distinct.    This  case, 
which  was  one  of  paralysis  of  the  left  leg  and  foot,  entirely  recovered. 

After  the  power  of  the  will  is  to  some  extent  restored  over  the  muscles,  the 
induced  current  may  be  used  with  more  advantage  than  the  direct. 

16 
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legs  could  only  be  used  as  stilts,  at  every  step  of  the  riglit 
or  left  foot  there  occurred  a  rotary  movement,  from  behind 
forward,  of  the  right  or  left  thigh,  which  communicated  it- 
self to  the  whole  body,  causing  it  to  turn  at  every  step  tow- 
ard the  one  or  the  other  side.  The  extensor  power  of  the 
leg  was  very  limited ;  the  dorsal  flexion  of  the  foot  and  the 
extension  of  the  toes  were  not  in  the  power  of  the  patients, 
and  but  a  slight  adduction  of  the  toes  possible ;  the  patients 
trod  upon  the  outer  borders  of  the  feet,  and  in  the  Mm. 
tibiales,  consequently,  contorted  forms  were  exhibited.  The 
adductors  of  the  thigh,  as  well  as  the  muscles  of  the  foot, 
were  normally  developed ;  on  the  other  hand,  the  extensors 
of  the  knee-joint,  and  all  the  muscles  of  the  leg,  had  suffered 
greatly  in  respect  of  assimilative  power.  The  sensibility  of 
the  skin  and  muscles  was  perfectly  preserved.  The  electro- 
muscular  contractility  was  reduced  in  the  quadriceps  femoris, 
and  altogether  wanting  in  the  Mm.  peronaei,  the  extensores 
digit,  comm.,  the  gastrocnemii,  etc.,  but  the  adductors  of 
the  knee-joint  and  the  iocs  showed  a  weak  reaction.  The 
rare  occurrence  of  an  affection  of  this  kind  as  the  result  of 
measles,  together  with  the  simultarieousness  of  its  appear- 
ance in  the  twins,  who  had,  up  to  that  time,  enjoyed  perfect 
health,  gives  good  ground  for  the  presumption  of  a  funda- 
mental anatomical  predisposition  to  the  disease.  An  electric 
and  tonic  gymnastic  treatment,  continued  for  a  year,  had 
no  perceptible  effect.  At  the  present  time,  both  the  twins 
are  incapacitated  for  any  forward  movement. 

The  intensity  of  the  current  generated  by  the  instruments  I  have  described, 
is  very  great.  They  should  not,  therefore,  be  applied  to  any  part  of  the  body 
to  which  the  fifth  pair  of  nerves  is  distributed,  as  the  retina  may  be  injuriously 
excited  and  even  blindness  be  produced.  The  induced  current  has  no  such 
effect. 

Along  with  the  galvanispi,  passive  motions  of  the  joints  should  be  made, 
and  the  child  should  be  encouraged  to  direct  the  will  to  the  affected  muscles  as 
often  and  as  powerfully  as  possible. — ^W.  A.  H.] 
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B,  Pa/ralysis  caused  hy  Interruption  in  the  Conductmg 
Power  of  the  Spinal  Cord, 

If  the  spinal  cord  is  subject  to  a  considerable  pressure, 
produced  by  exostoses  or  periostoses,  or  by  a  gradually-form- 
ing curvature  of  the  spine  (as  in  Pott's  disease),  or  by  an 
affection  of  the  fibrous  and  serous  tissues,  the  electro-mus- 
cular contractility  remains  intact,  notwithstanding  the  par- 
alysis, and  the  affected  muscles  suffer  but  little  in  assimila- 
tive power.  Of  these  paraplegias,  there  is  a  second  and 
highly  important  diagnostic  criterion — namely,  the  reflex 
movements,  which  occur  in  the  paralyzed  extremities  when- 
ever the  lower  part  of  the  spinal  cord  is  subjected  to  pres- 
sure or  the  skin  is  irritated,  and  sometimes  through  the 
influence  of  cold,  etc. 

Duchenne  ^  gives  the  following  case,  falling  under  this 
head,  with  an  accompanying  dissection  and  report : 

Pierre  Bros,  twenty-one  years  old,  a  robust,  brawny 
water-carrier,  experienced  pains  which  centred  in  the  lower 
part  of  the  back,  and  radiated  up  to  and  embraced  the  lower 
ribs,  preventing  him  from  stooping.  In  the  beginning  of 
January,  1860,  these  were  followed  by  weakness  in  the  legs, 
and  a  staggering  gait.  On  the  16th  of  February  he  was  ad- 
mitted into  the  Hospital  Lariboisiere.  Both  legs,  and  the 
trunk  below  the  tenth  rib,  as  well  as  the  rectum  and  bladder, 
were  deprived  of  all  motor  power  and  sensibility.  The 
prick  of  a  needle  and  cold  were  alike  unfelt ;  both,  however, 
as  well  as  lying  on  the  back,  excited  reflex  movements,  which 
the  patient  distinctly  felt.  He  experienced  also  a  sensation 
like  that  produced  by  the  crawling  of  an  insect.  The  proc. 
spin,  of  the  sixth  vertebra  was  evidently  sprung  outward, 
and  was  painful  to  the  touch.  Appetite,  digestion,  respira- 
tion, normal;  both  arms  retaining  their  muscular  power; 
the  patient  in  good  spirits.  The  only  occasion  of  the  attack 
was,  as  far  as  Bros  was  aware,  the  unusual  exertions  required 

» X.  c,  p.  253. 
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for  the  accomplisliment  of  his  regular  work  during  the  short 
winter  days.  On  the  sound  leg  and  on  both  trochanters 
gangrenous  spots  appeared,  which  rapidly  increased  in  size. 
The  patient  failed  visibly ;  a  nocturnal  fever  set  in,  followed 
by  necrosis  of  the  femur,  and  the  swelling  of  the  lower  ex- 
tremities ;  the  paralysis  extended  up  to  the  seventh  rib,  and 
on  the  12th  of  April  death  ensued.  Duchenne  had  satisfied 
himself  that  the  muscles  of  the  paralyzed  extremities  retained 
their  electric  irritability,  and  inferred  from  this  the  integrity 
of  the  spinal  cord. 

The  dissection  gave  the  following  results :  The  vertebras, 
when  laid  bare,  presented  to  the  touch  a  soft,  fluctuating  sur- 
face ;  in  cutting  through  the  ligt.  vertebrale  ant.,  an  accumu- 
lation of  purulent  matter  was  found ;  the  organization  of  the 
sixth  and  seventh  dorsal  vertebrae  was  for  the  most  part 
destroyed;  the  adjacent  ones,  from  the  third  to  the  tenth 
dorsal  vertebra,  were  superficially  disorganized;  the  proc. 
spin,  of  the  sixth  dorsal  vertebra  formed  a  sudden  projec- 
tion from  the  line.  After  removal  of  the  posterior  arches 
of  the  vertebrae,  the  dura  mater  and  the  cellular  tissue  were 
found  red,  flocky,  and  swollen.  The  spinal  cord  presented 
to  the  naked  eye  no  perceptible  alteration ;  its  consistency 
was  unmodified. 

Case  22. — Ch.  K.,  a  woman  of  twenty-eight  years,  who 
had  been  for  the  last  ten  years  the  mistress  of  an  old,  impo- 
tent soldier,  had  experienced  at  times,  in  the  course  of  several 
years,  shooting  pains  in  the  legs,  which  frequently  changed 
their  place.  For  a  year  past  reflex  movements  now  and 
then  occurred,  which,  when  the  patient  lay  on  her  back, 
shook  her  entire  body,  and,  if  she  happened  to  be  on  her 
feet,  jerked  up  the  one  or  the  other  leg,  and  thus  rendered 
walking  unsafe.  In  September,  1866,  a  remarkable  degree 
of  weakness  was  felt  in  both  legs ;  the  pains  became  more 
persistent  and  rending.  In  ^November  the  weakness  in- 
creased ;  the  patient  staggered  in  her  walk,  was  apt  to  turn 
her  ankle,  most  frequently  the  right  one,  and  often  fell. 
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After  an  injudicious  application  of  cold  bandages  to  the 
body,  whicb  excited  no  transpirations,  there  ensued  a  com- 
plete paralysis  of  both  the  lower  extremities,  as  well  as  a 
paralysis  of  the  bladder  and  the  rectum,  and  a  cutaneous  and 
muscular  anaesthesia  of  so  intense  a  degree,  that  the  patient 
did  not  feel  the  prick  of  a  needle,  and  could  give  no  account 
of  the  position  of  her  legs.  Upon  the  internal  use  of  strych- 
nine, the  patient  was,  by  the  end  of  December,  so  far  im- 
proved as  to  be  able  to  extend  the  muscles  of  the  thighs  a 
little,  and  sometimes  to  feel  the  passage  of  urine.  The  men- 
ses were  regular,  and  remained  thus  during  the  period  of  the 
disease. 

"When,  at  the  request  of  Dr.  O.  Steinriick,  I  visited  the 
patient,  February  5, 1867,  the  evidences  of  paralysis  were  still 
all  present ;  the  patient  could  not  move  either  the  thighs, 
the  legs,  or  the  feet ;  the  anaesthesia  reached  even  to  the 
navel,  and  was  more  intense  on  the  right  side  than  on  the  left. 
When  the  patient,  held  up  on  both  sides,  attempted  to  stand, 
her  legs  were  so  utterly  incapable  of  giving  support  that  they 
sank  from  under  her,  her  feet  slipping  to  the  right  and  left ; 
when  lying  on  her  back,  her  feet  fell  outward.  The  electro- 
muscular  contractility  of  the  paralyzed  muscles,  when  directly 
or  indirectly  irritated,  was  found  but  little  modified ;  on  the 
right  side,  in  consequence,  probably,  of  the  greater  reflex 
irritability  of  this  leg,  it  was  even  a  little  raised,  so  that  the 
contractions,  especially  upon  irritation  of  the  right  plexus 
cruralis,  were  somewhat  convulsive,  causing  the  leg  to  be 
thrown  up.  Tearing  pains  also  were  felt  in  the  legs,  accom- 
panied in  the  left  IST.  ulnaris  with  a  dull  sensation.  The  case 
thus  presented  was  undoubtedly  that  of  a  slowly-progressing 
gray  degeneration  of  the  posterior  roots  of  the  spinal  nerves, 
which  had  gone  on  for  several  years,  united  with  an  active 
exudation  of  serum,  which,  by  inducing  a  pressure  on  the 
spinal  cord,  brought  on  the  paralytic  effects. 

I  employed  the  secondary  induction  -  current  and  wet 
sponges  to   excite  the  nerves   and  the  muscles,   and  the 
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metallic  brusli  for  the  excitement  of  the  skin,  and  I  had 
the  satisfaction  of  watching  the  gradual  improvement  of  the 
patient,  as  exhibited  in  the  following  stages:  March  4th 
— eleven  sittings:  The  patient,  in  a  recumbent  posture, 
could  raise  the  extended  legs  a  little,  and  could  give  some 
motion  to  the  ankle-joint  and  all  the  toes.  The  distortion 
of  the  foot  still  remained  ;  the  urinary  discharge  was 
more  frequently  felt,  at  least  in  the  daytime.  March 
23d — twenty-three  sittings :  Tlie  anaesthesia  was  very  much 
reduced;  a  moderate  pressure  of  the  finger  could  be  felt 
on  every  part  except  the  soles  of  the  feet,  better  in  the 
thigh  than  in  the  leg,  and  better  on  the  left  side  than  on  the 
right ;  the  prick  of  a  needle  could  be  felt  even  in  the  soles 
of  the  feet,  but  not  in  the  toes,  and  better  also  in  the  left 
than  in  the  right  foot.  The  heel  could  be  raised  four  inches 
above  the  level.  April  24th — ^thirty-nine  sittings :  The  first 
attempts  to  walk  were  made,  with  success ;  the  ankles,  how- 
ever, especially  the  right  one,  still  frequently  turned ;  the 
walk  was  like  that  of  a  tabetic  invalid,  the  legs  being  kept 
wide  apart.  The  prick  of  a  needle  in  the  toes  of  the  left 
foot  was  very  easily  located.  The  electro-muscular  con- 
tractility of  the  right  leg  was  not  heightened ;  reflex  con- 
vulsive movements  seldom  occurred.  May  24th — ^fifty  sit- 
tings :  The  patient  could  go  up  and  down  her  room  without 
support,  but,  in  turning,  still  displayed  great  insecurity  of 
movement,  especially  in  the  use  of  the  right  foot,  upon  the 
heel  of  which  she  always  first  raised  herself  in  the  act  of 
walking.  The  excentric  pains  in  the  legs  and  the  ulnaris 
were  entirely  gone ;  foecal  and  urinary  discharges  were  nor- 
mal. From  this  time  the  improvement  of  the  patient  pro- 
gressed rapidly.  About  the  middle  of  June  she  could  walk 
for  half  an  hour  at  a  time  in  her  garden,  with  only  brief  in- 
tervals of  rest.  The  sensation  of  touch  was  felt  on  the  toes 
of  the  right  foot  with  considerable  distinctness ;  not  so  well 
on  those  of  the  left.  She  had  still  the  same  peculiar  waddle, 
and,  when  standing  with  closed  eyes,  exhibited  an  unsteady 
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motion ;  in  her  treatment,  therefore,  the  employment  of  the 
constant  current  was  continued. 


m.   PARALYSIS   OF    THE   SYMPATHETIO. 

Since  the  discovery  by  Claude  Bernard  of  the  depend- 
ence of  the  arterial  walls,  as  regards  their  vital  tone,  upon 
the  sympathetic,  and  the  success  of  this  anatomist  in  show- 
ing experimentally  that  the  section  of  the  sympathetic  ef- 
fects a  relaxation  of  the  muscular  fibres  of  the  arteries ;  since, 
in  the  next  place,  within  the  most  recent  times,  the  ana- 
tomical and  physiological  relations  of  the  vaso-motor  nerves, 
their  central  origin  and  peripheric  distribution,^  and  the 
effects  of  the  irritation  and  section  of  them  have  been  deter- 
mined by  Schiff,  Budge,  Ludwig,  and  others ;  since,  finally, 
it  has  been  shown  by  the  accordant  investigations  of  Ber- 
nard and  Schiff,  that  the  vaso-motor  nerves  of  the  extremi- 
ties proceed  collectively  from  the  ganglia  of  the  terminal 
branches  of  the  sympathetic, — we  are  in  a  position  to  speak 
understandingly  of  the  paralysis  of  this  nerve  and  of  the 
physiological  conditions  thus  induced.  The  fact,  however, 
of  the  distribution  of  the  sympathetic  nerves  over  the  intes- 
tines,— into  which  they  enter,  partly  in  company  with  the 
blood-vessels,  partly  by  themselves. — ^places  it  beyond  the 
possibility  of  doubt  that  they  exercise  an  important  influ- 
ence upon  the  functions  of  nutrition  and  excretion,  which 
are  independent  of  the  consciousness  and  the  will.  That, 
therefore,  the  paralysis  of  the  sympathetic  may  be  accom- 
panied with  various  disorders  in  these  functions  also,  is  very 
evident,  though  the  strict  physiological  proofs  are  as  yet 
wanting. 

*  The  proof  adduced  by  Claude  Bernard  {Gaz.  Hehd.^  1852,  No.  87),  and  by 
Schiff  (in  the  same  number),  to  show  that  the  sympathetic  fibres  take  their 
departure  from  the  anterior  roots  of  the  spinal  cord,  explains  the  contempo- 
raneous occurrence  of  disturbances  of  nutrition  and  the  power  of  motion,  which 
we  so  frequently  meet  with  in  cases  of  paralysis. 
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Disturbances  in  the  vaso-motor  nerves  of  the  skin  give 
rise  to  diseased  modifications  of  this  organ,  such  as  appear 
in  cases  of  herpes  zoster  and  uticaria/  Primary  arterial 
convulsions,  and  the  consequent  diminished  supply  of  arte- 
rial blood,  produce  ansesthesia  of  the  skin  and  secondary 
motory  disturbances.'  The  direct  participation  of  the  sym- 
pathetic in  apoplectic  paralysis  begets,  in  consequence  of 
the  enlargement  of  the  blood-vessels,  an  increase  of  tempera- 
ture, as  shown  in  Case  1,  page  162,  of  this  work. 

Continued  disturbances  of  the  nervous  cords,  with  inter- 
ruption of  their  conductive  power,  afifect,  at  the  same  time, 
the  vaso-motor  nerves,  and  induce  paleness,  blueness,  and 
gangrenous  conditions,  effects  which  we  so  frequently  meet 
as  the  result  of  peripheric  paralysis.  A  long-continued 
pressure,  also,  affecting  the  sympathetic,  and  especially 
its  superior  cervical  ganglion,  seems  to  have  the  power  of 
exciting  secondary  disturbances  in  the  power  of  motion, 
although  we  are  not  yet  able  to  explain  physiologically  the 
manner  of  their  origination ;  but,  for  the  substantiation  of 
this  assertion,  we  may  cite  with  confidence  a  case  which 
occurred  in  the  ophthalmic  clinic  of  Yon  Graefe,  in  which  a 
patient  sufferring  with  a  catarrhal  inflammation  of  the  eyes, 
subsequent  upon  a  simple  swelling  of  the  sub-maxillary 
lymphatic  glands,  was  attacked  with,  successively,  a  dis- 
turbance of  the  power  of  accommodation  of  the  eye  of  the 
corresponding  side,  and  a  paralysis  of  the  soft  part  of  the 
palate. 

To  this  division  of  our  subject  that  species  of  paralysis 
also  seems  to  belong  which  follows  diphtheritis.  Remak 
has  not  hesitated  to  connect  paralytic  attacks  of  this  kind 
with  the  sympathetic ;  and  this  origination  of  them  explains 
the  fact  that  they  often  break  out  in  places  which  are  widely 

^  V.  A.  Eulenberg-Heber  Cutane  Angioneurosen ;  Berl.  klin.  Wochenschift, 
1867,  No8.  18, 19. 

*  V.  Nothnagel-Ueber  vasomotorische  Neurosen.  Deutsches  Archiv.  fur 
klin.  Medicin.     Bd.  ii.,  Heft  ii. ;  p.  175,  et  seq.,  and  p.  155  of  this  work,  Case  2. 
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removed  from  the  primary  seat  of  the  disease,  as  well  as  the 
fact  that  they  sometimes  follow  the  lightest  cases  of  diph- 
theritic inflammation  of  the  neck,  and  yet  never  succeed 
the  severest  of  such  cases. 

As  to  the  electric  condition  of  the  muscles  affected  by 
the  paralysis  that  follows  diphtheritis,  in  numerous  cases 
which  I  have  had  the  opportunity  to  examine,  it  is  perfectly 
normal,  and  the  prognosis,  so  far  as  concerns  the  paralysis, 
favorable.  The  application  of  the  electric  current  always 
greatly  accelerates  the  cure,  and  the  electrization  of  the 
phrenicus  will  often  rekindle  the  flickering  spark  of  life. 

Case  23. — Leopold  Schmidt,  in  ^N'ovember,  1863,  when 
ten  years  old,  had  passed  through  a  light  attack  of  diph- 
theritis, by  which  the  tonsils,  especially  the  left  one,  the 
uvula,  and  the  gums  of  the  left  side,  were  afiected,  and 
which,  under  the  internal  employment  of  the  chlorate  of  pot- 
ash, with  exclusion  of  all  external  applications,  ran  its  course 
within  eight  days,  without  much  exhausting  the  patient.  But, 
about  eight  weeks  afterward,  disturbance  in  the  accommoda- 
tion of  left  eye  returned,  followed  by  paralysis  of  the  soft  part 
of  the  palate,  with  its  accompanying  symptoms  of  thick,  muf- 
fled speech,  regurgitation  of  fluids,  etc.  When  (January 
15,  1864,  four  weeks  later)  I  first  saw  the  little  patient,  the 
symptoms  of  paralysis  of  the  velum  had  not  reached  the  more 
violenf  stage.  In  uttering  the  letter  "A,"  the  left  side 
of  the  velum  remained  unmoved,  while  the  right  was  some- 
what raised ;  the  disturbance  of  the  accommodation  o^  the 
left  eye  had  already  begun  to  subside ;  a  pressure  on  the  left 
side  behind  the  angle  of  the  under-jaw  occasioned  sharp  pain. 
Upon  the  second  sitting,  January  18th,  a  remarkable  improve- 
ment appeared ;  and  on  the  25th  of  the  same  month,  after 
seven  sittings,  the  paralysis  was  fully  subdued. 

Case  24. — Richard  K.,  seven  years  old,  was  attacked, 
January  11,  1861,  with  a  diphtheritic  inflammation  of  the 
throat,  which  by  the  14th  had  increased  so  much  in  intensity 
that  the  left  tonsil,  which  was  much  swollen,  was  covered 
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with  a  foul,  yellowish  exudation,  penetrating  into  the  paren- 
chyma, and  the  left  side  of  the  uvula  was  coated  with  a  whit- 
ish substance.  After  treatment  with  the  chlorate  of  potash 
and  local  cauterizations,  the  symptoms  were  so  far  subdued 
that  on  the  tenth  day  the  violent  fever  had  disappeared,  the 
exudations  were  checked,  and  the  tonsils  showed  a  wrinkled 
surface.  The  child  slept  well,  ate  little,  but  with  good  ap- 
petite, and  seemed  only  to  need  a  suitable  dietetic  regimen 
to  regain  his  strength.  But  about  ten  days  subsequently,  a 
paralysis  of  the  right  soft  palate  set  in,  followed,  in  a  few 
days,  by  strabismus  convergens  (more  marked  in  the  right 
eye  than  in  the  left),  and  at  last  by  a  weakness  of  both  legs, 
which  increased  daily.  At  the  same  time,  his  general  health 
deteriorated  rapidly ;  his  sleep  became  disturbed,  respiration 
weak,  expectorations  thick  and  hard,  and  attacks  of  choking 
frequently  threatened  the  life  of  the  little  patient.  On  the 
4th  of  October,  at  the  request  of  Dr.  Abarbanell,  Jr.,  I 
faradized  the  I^.  vagus  and  phrenicus,  with  evident  good 
results  ;  and  after  the  third  sitting,  October  8th,  all  danger 
in  this  quarter  seemed  to  be  driven  off.  On  the  other 
hand,  the  paralytic  effects  now  appeared  in  the  arms,  and 
with  greater  and  daily  increasing  intensity  in  the  legs,  so 
that  at  last  the  boy  could  not  move  them.  The  electro- 
muscular  contractility  and  sensibility  were  not  lowered  in 
any  one'of  the  paralyzed  extremities  ;  the  sensibility  of  the 
patient,  who  was  much  emaciated,  was  so  great  that  only  a 
feeble  current  could  be  applied,  and  that  but  two  or  three 
times  a  week ;  and  the  treatment  had  consequently  to  be 
continued  for  nearly  six  weeks  before  the  first  attempts  to 
walk  could  be  made. 

There  is  also  another  species  of  paralysis  in  which  the 
sympathetic  seems  to  be  concerned — that  species,  namely, 
which  is  often  induced  by  chlorotic  and  anaemic  affections, 
and  the  origination  of  which  is  sought  in  the  irritating  ac- 
tion of  impure  blood.  With  this  the  hysterical  form  of  pa- 
ralysis should  also  be  associated,  although  the  peculiar  dis- 
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turbances  of  the  sensibility  which  characterize  it  are  in  the 
former  always  absent,  in  which,  on  the  contrary,  as  in  the 
paralysis  which  follows  on  diphtheritis,  the  electric  condi- 
tions of  the  paralyzed  muscles  suffer  no  remarkable  variation 
from  the  normal  state. 

Case  25. — Mrs.  H.,  thirty-nine  years  old,  had  had  in  her 
sixteenth  year  a  single  slight  menstrual  discharge,  married 
at  twenty-five,  but  did  not  conceive,  and  in  the  fourteen 
years  of  her  married  life  experienced  only  three  or  four 
times  some  weak  traces  of  menstruation ;  on  the  other  hand, 
she  was  continually  subject  to  the  fluor  albus.  An  examina- 
tion made  by  a  competent  person  discovered  the  uterus  rudi- 
mentary. Mrs.  H.  had,  besides,  suffered  with  a  cough, 
accompanied  by  expectoration,  and,  seven  years  previously, 
with  a  light  attack  of  haemoptysis,  and,  finally,  in  November, 
1865,  with  an  iritis  serosa  of  the  right  eye.  About  the  mid- 
dle of  June,  1866,  there  occurred,  without  any  premonitory 
signs,  a  severe  haemorrhagia  pulmonum,  from  which,  by  the 
use  of  waters  highly  impregnated  with  salt,  and  of  milk,  at 
her  country-house,  the  patient  fully  recovered.  Having 
gone  back  to  the  city,  Mrs.  H.,  on  returning  from  a  short 
walk,  on  a  fine,  warm  day,  as  she  reached  the  last  step  of 
the  second  flight  leading  to  her  rooms,  was  suddenly  at- 
tacked, immediately  before  her  door,  with  a  feeling  of  paral- 
ysis in  both  legs,  and  was  unable  to  enter.  Then,  on  the 
request  of  Prof.  Traube  and  Dr.  Schlochauer,  I  visited  the 
patient,  October  5, 1866 ;  she  was  unable  to  make  any  move- 
ment with  the  thighs,  legs,  or  feet,  nor  could  she  without 
help  rise  in  her  bed,  or  turn  from  one  side  to  the  other ;  the 
bladder  and  the  rectum  were  not  affected.  There  was  no 
anaesthesia ;  the  electro-muscular  contractility  and  sensibility 
of  all  the  paralyzed  muscles  were  preserved,  though  those  of 
the  right  side,  when  irritated  by  the  induction  current,  re- 
acted somewhat  better  than  those  of  the  left.  By  a  few 
minutes'  application  of  the  induction  current,  the  patient 
was  at  once  enabled  to  make  a  slight  abduction  of  the  right 
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leg.  After  tlie  fifth  sitting  (October  10th),  abduction  was 
easier,  the  quadriceps  femoris  of  either  side  could  be  extend- 
ed, and  the  ankle-joint  worked  a  little.  On  the  twelfth 
sitting  (October  18th),  the  patient  could  raise  herself  up  in 
her  bed,  and,  when  lying  on  her  back,  could  at  times  raise 
the  extended  leg  from  one  to  two  inches,  the  right  leg  with 
more  ease  than  the  left.  On  the  twentieth  sitting  (October 
25th),  the  leg  could  be  adducted  and  abducted,  the  extended 
thigh  could  be  raised  four  or  five  inches,  and  the  toes  moved ; 
the  flexion  of  the  thigh  was  readily  executed.  From  this 
time  the  recovery  of  the  patient  progressed  rapidly.  After 
the  twenty-sixth  sitting  (ISTovember  2d),  the  patient  could 
stand  almost  half  a  minute  without  support,  and,  when  led 
by  the  hand,  made  some  attempts  to  walk.  On  N^ovember 
8th,  she  could  walk  without  aid  across  her  room,  and  thus 
her  improvement  continued  uninterruptedly  till  on  the  17th 
of  N^ovember  the  treatment  was  concluded  with  the  thirty- 
fourth  sitting.  The  patient  could  now  walk  up  and  down 
her  room  for  a  considerable  time,  but  had  still  a  feeling  of 
weight,  weakness,  and  tension  in  the  left  leg,  which,  how- 
ever, under  good  nursing,  gradually  ceased. 

Whether  or  not  it  be  a  fact  that  an  affection  of  the  sym- 
pathetic is  the  cause  of  progressive  muscular  atrophy,  we 
must  for  the  present  assume  the  affirmative  view.  The  defi- 
cient nutrition  of  the  muscles,  which  so  frequently  presents 
itself  as  the  first  symptom  of  this  disease,  the  occurrence  of 
the  contractions '  which  Remak  discovered  on  application 
of  the  constant  current  to  the  sympathetic  and  their  un- 
doubtedly favorable  therapeutic  effect  in  many  cases,  as 
well  as  the  seemingly  unaccountable  wasting  of  particu- 
lar muscles,  supplied  with  various  nerves,  while  others,  sup- 
plied with  the  sympathetic,  remain  sound ;  all  these  con- 
siderations make  this  view  not  improbable.  Schneevogt 
(Niederlandsch.  Lancet^  1854,  N^os.  3  and  4,  p.  218)  has  even 
discovered  by  a  post-mortem  examination,  in  a  case  of  mus- 

>  V.  p.  163. 
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cular  atrophy,  a  fatty  degeneration  of  the  sympathetic 
and  its  ganglion.  Nevertheless  we  shall  not  treat  of  this 
disease,  till  we  come  to  the  subject  of  muscular  paralysis, 
because,  in  the  first  place,  in  the  present  part  of  this  work 
we  are  concerned  simply  with  diagnosis,  the  criteria  of  which 
can  only  be  obtained  from  an  examination  of  the  electric 
condition  of  the  muscles  attacked,  and,  in  the  second  place, 
because  a  diseased  condition  of  the  muscular  tissue  has  been 
proven  in  every  case  that  has  fallen  under  dissection,  while 
in  many  of  them,  even  under  the  most  careful  anatomical 
examination,  no  changes  in  the  nervous  system  could  be 
discovered. 

We  must  here  make  mention  of  still  another  disease, 
which,  as  Remak  has  pointed  out,  is  frequently  associated 
with  progressive  muscular  atrophy — the  arthritis  nodosa  —  a 
disease^  in  which  the  swellings  of  the  joints  are  often  com- 
bined with  the  atrophy  of  the  Mm.  interossei.  In  this 
malady,  particularly  in  its  first  febrile  stage,  the  diplegic 
contractions,  on  irritation  of  the  sympathetic  in  the  manner 
above  given,  are  excited  in  their  most  pronounced  form. 
The  therapeutic  employment  of  them  ought  to  result  in  a 
reduction  of  the  pain  and  of  the  swelling  at  the  joints,  and 
in  an  increase  of  the  volume  of  the  muscles,  as  well  as  in 
diminished  rapidity  of  the  pulse  in  connection  with  a  con- 
temporaneous rise  of  temperature.^ 

I  extract  from  the  treatise  of  Dr.  Drissen  the  following 
case,  which  I  also,  in  association  with  him,  had  an  opportu- 
nity of  watching : 

G.  T.,  a  brazier,  twenty-four  years  old,  reports  that, 
when  in  bivouac  a  short  time  before  the  battle  of  Konig- 
gratz,  he  was  so  chilled,  that  on  the  following  day  he  coald 
not  move  his  arm.  By  the  friction  and  passive  movement 
of  the  sufiering  part  this  lameness  was  driven  off,  though 
from  that  time  there  were  frequent  returns  of  a  feeling  of 
stiffness  in  the  left  arm,  which,  however,  was  dissipated  by 

*F.  Remak,  Application  du  Courant  Constant,  etc.,  p.  31. 
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active  movement  of  the  limb.  But  tlie  condition  of  tlie 
patient  had,  a  few  weeks  before  the  examination  of  the  case, 
grown  much  worse,  and  when,  on  the  12th  of  October,  1866, 
he  came  under  the  treatment  of  Dr.  Drissen,  he  exhibited  the 
following  symptoms  of  disease :  He  could  not  raise  the  right 
arm,  and  could  raise  the  left  only  with  great  difficulty,  and 
with  the  experience  of  pains  in  the  deltoideus,  which  felt 
harder  than  was  natural ;  he  could  not  dress  himself  or  shut 
the  door.  The  first  and  second  phalangeal  joints  of  the  right 
fore-finger  were  much  swollen,  and  their  movements  were 
reduced  to  a  minimum ;  the  same  joints  of  the  other  fingers 
also,  with  the  exception  of  the  little  finger,  were  attacked, 
though  in  slighter  degree ;  the  Mm.  interossei  were  emaciat- 
ed. On  the  left  side  about  the  same  effects  were  presented, 
though  in  a  less  marked  form.  The  sympathetic  being  irri- 
tated by  the  application  of  the  positive  pole  to  the  ganglion 
cervicale  sup.  on  the  one  hand,  and  of  the  negative  pole  to 
the  sixth  dorsal  vertebra  on  the  other,  diplegic  contractions 
occurred  with  evidently  good  results,  especially  in  the  first 
days  of  the  treatment.  After  fourteen  days  these  reflex  contrac- 
tions could  no  longer  be  excited ;  on  one  occasion  only,  when 
the  patient,  in  consequence  of  a  cold,  had  relapsed  a  little, 
were  slight  indications  of  them  traceable,  l^otwithstand- 
ing,  however,  the  marked  improvement  of  the  patient  in  the 
beginning,  the  treatment,  which  was  directed  exclusively 
upon  the  sympathetic,  had  to  be  continued  for  almost  three 
months  before  the  last  remains  of  the  affection  were  effaced ; 
the  swelling  of  the  right  fore-finger  opposed  the  most  stub- 
born resistance  to  the  course  of  the  cure. 


IV.   NERVOUS   PARALYSIS. 


By  nervous  paralysis  we  understand  that  form  of  pa- 
ralysis which  is  occasioned  by  any  influences  that  affect 
injuriously  the  conducting  power  of  the  nerves,  at  any  point 


NEEV0TJ8  PARALYSIS.  255 

in  their  course  from  tlie  central  organ  to  the  muscles. 
Etiologically,  paralyses  of  this  kind  are  a  result  either  of 
traumatic  injuries,  mechanical  modifications,  the  severing 
of  the  connections  by  wounds,  suppurations,  etc.,  or  of  luxa- 
tion or  fracture,  or  of  exudations  (rheumatic,  syphilitic,  etc.), 
or  of  dislocations,  aneurisms,  swellings,  etc.,  or,  finally,  of 
inflammation  of  or  pressure  on  the  nerves.  The  character- 
istic trait  of  nervous  paralysis  is,  so  far  as  concerns  its 
diagnosis,  the  limitation  of  the  disease  to  particular  nervous 
cords  or  branches,  in  the  domain  of  which  active  and  re- 
flected movements  *  are,  in  proportion  to  the  intensity  of  the 
disease,  restricted,  while  these  movements  remain  unchecked 
in  those  regions  which  lie  beyond  the  paralyzing  influence. 
With  this,  generally  occurs  a  modification  of  the  conscious 
sensitive  power,  which  varies  greatly  in  degree,  according 
as  the  sensitive  nerves  have  suffered  to  a  greater  or  less 
intensity  or  extent,  sometimes  being  but  slightly  reduced, 
sometimes  wholly  lost.  When  the  paralysis  has  continued 
to  the  second  week,  a  disturbance  in  the  electric  condition 
of  the  paralyzed  muscles  arises,  which  varies  in  degree  ac- 
cording to  the  severity  of  the  attack,  but  is  always  associated 
with  a  depression  of  the  electro-muscular  contractile  power. 
If  the  primitive  fibres  of  a  nerve  are  completely  destroyed, 
the  muscles  with  which  it  communicates  lose  their  ability 
to  contract.  But  the  active  motor  power  of  all  the  muscles 
supplied  by  the  nerve  may  be  removed,  without  a  single  one 

^  A.  Stech,  in  a  brief  paper  published  in  the  Charite  Annalen^  Band  viii., 
Heft  i.,  has  done  good  service  in  turning  our  attention  to  the  importance 
of  reflex  movements  as  means  of  diagnosis  in  deciding  the  question  concerning 
the  central  or  peripheric  origin  of  a  paralysis.  If,  for  example,  in  the  case  of  a 
paralysis  of  an  arm  or  a  leg,  in  which  this  question  presents  itself,  the  medical 
attendant  is  able,  by  means  of  peripheric  irritation,  to  evoke  reflex  movements, 
he  then  knows  that  the  conducting  power  of  the  sensitive  nerve,  from  its  ex- 
tremity to  the  spinal  cord,  is  unbroken,  that  the  central  structure  of  the  nerve 
within  the  spinal  cord  duly  performs  its  function,  that  the  contiguous  motory 
part  within  the  spinal  cord  is  excitable,  and  that  from  this  point  back  to  the 
muscle  no  obstruction  to  the  conducting  power  is  present ;  that,  consequently, 
the  disease  has  a  central  origin. 
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having  suffered  in  its  electro-muscular  contractility;  from 
this  it  would  seem  that  the  disturbance  in  the  assimilative 
function  of  the  nerve  has  not  been  so  thorough  as  to  essen- 
tially injure  its  electric  irritability.  On  the  contrary,  the 
active  motor  power  of  isolated  muscles  can  be  apparently 
preserved,  while  in  fact  this  power  is  extinct,  the  movement 
being  performed  by  other  muscles  of  associated  function ;  in 
such  a  case  the  diagnosis  can  only  be  determined  by  a  local 
application  of  the  electric  current.  Besides,  the  paralyzed 
muscles  suffer  more  in  their  contractility  than  in  their  sensi- 
bility, and,  again,  generally  regain  the  latter  with  more 
facility  than  the  former. 

The  prognosis  of  nervous  paralysis  is  dependent  upon 
the  depression  of  the  electro-muscular  contractility  of  the 
paralyzed  muscles,  with,  however,  this  qualification,  that 
the  more  frequently  a  muscle  has  previously  suffered  in  its 
electro-muscular  contractility,  the  less  rapidly,  under  elec- 
tric excitation,  will  it  improve  in  the  power  of  active  move- 
ment. 

Case  26. — Mrs.  Roy,  a  vigorous  woman,  forty-two  years 
old,  went  to  sleep  with  the  outer  side  of  her  right  forearm 
supported  upon  the  sharp  edge  of  a  window-sill,  her  head 
resting  upon  the  inner  side  of  the  arm.  When,  after  the 
lapse  of  an  hour,  she  woke,  her  right  hand  was  paralyzed  ; 
the  patient  was  unable  to  raise  it,  open  it,  or  shut  it.  It 
was  bent  at  a  right  angle  to  the  arm ;  the  fingers,  particu- 
larly the  thumb,  middle  finger,  and  forefinger,  were  turned 
inward  by  the  superior  weight  of  the  flexors.  The  patient 
at  the  same  time  complained,  as  she  presented  herself  before 
me — April  30,  1852,  six  days  after  the  accident — of  a  dull 
sensation  in  the  paralyzed  hand  and  of  a  peculiar  itching  in 
the  skin,  extending  along  the  outer  side  of  the  forearm  to 
the  thumb.  She  had  been  trying  to  excite  the  muscles  of 
the  arm  by  frequent  rubbing,  but  without  success.  A  closer 
examination  discovered,  besides  the  effects  already  men- 
tioned, an  insensibility  of  the  skin  along  the  outer  side  of 
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the  forearm  and  the  thumb.  The  electro-muscular  con- 
tractility of  the  paralyzed  muscles — the  extensores  carpi 
radialis  and  ulnaris,  the  extensor  digit,  communis,  the  ab- 
ductors and  extensors  of  the  thumb — was  intact.  In  this 
case  the  twice-repeated  faradization  of  the  N.  radialis  and  the 
paralyzed  muscles  sufficed  to  restore  to  the  hand  the  ability 
for  active  movements.  The  torpid  sensation  lasted  fourteen 
days  longer,  but  was  too  unimportant  to  demand  an  addi- 
tional application  of  electricity. 

Case  27. — Baron  L.  received  in  a  duel  a  thrust  on  the 
inner  side  of  the  upper  part  of  the  right  arm,  at  about  the 
junction  of  the  upper  with  the  middle  third,  by  which  the  J^. 
ulnaris  and  I*T.  cutaneus  brachii  med.  were  cut.  The  wound 
did  not  heal  by  the  first  intention,  but  formed  a  suppuration 
which  discharged  three  inches  lower  down.  In  the  course  of 
a  few  weeks  the  patient  was  again  able  to  execute  the  flexor 
movements  of  the  hand ;  the  sensibility  of  the  inner  side  of 
the  upper  arm  was  restored ;  but  the  muscles  supplied  by 
the  ulnaris  still  remained  without  the  power  of  motion,  and 
the  corresponding  parts  of  the  skin  were  still  ansesthetic. 
When — January  10,  1859,  three  years  after  the  injury — I 
examined  the  patient,  I  found  the  following  parts  anaesthetic : 
on  the  inner  surface,  the  ring-finger  ;  on  the  ulnar  side,  the 
little  finger  completely,  and  the  middle  finger ;  on  the  dorsal 
surface,  the  little  finger  and  the  ring-finger ;  also  the  ulnar 
side  of  the  hand,  and,  to  a  slight  degree,  the  ulnar  surface 
of  the  forearm.  The  hand  was  cold  and  emaciated;  the 
falling  away  of  the  Mm.  interossei,  the  opponens  digit,  min., 
and  the  adductor  pollicis,  was  especially  remarkable ;  the 
forearm,  too,  was  thinner  than  the  left.  The  hand  had 
assumed  a  shape  much  like  a  claw ;  the  second  and  third 
phalanges,  especially  of  the  last  three  fingers,  could  not  be 
straightened,  the  fingers,  particularly  the  last  three,  could  not 
be  brought  near  enough  together  to  touch,  and  could  only 
be  separated  a  short  distance,  and  the  thumb  could  not  be 

brought  into  contact  with  the  little  finger,  or  adducted  in 

17 
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the  least.  The  electro-muscular  contractility  and  sensibility 
of  all  the  muscles  supplied  with  the  ulnaris  were  extinct.  A 
treatment  lasting  longer  than  a  month  increased  the  tem- 
perature, and  partially  restored  the  sensibility,  but  had  no 
influence  in  exciting  muscular  activity. 

Case  28. — S.,  a  goldsmith,  the  son  of  a  tailor  who 
had  died  of  phthisis  pulmonum,  had  suffered  for  two  years 
with  various  pains  in  the  breast,  which,  considered  in  con- 
nection with  the  results  of  a  physical  examination,  indi- 
cated beyond  doubt  the  development  of  phthisis  pulmonum. 
Contrary  to  expectation,  the  condition  of  the  patient  grad- 
ually improved ;  expectoration  and  the  sweating  were  les- 
sened to  such  a  degree  that,  when  the  results  of  auscultation 
and  percussion  were  also  taken  into  account,  a  favorable 
prognosis  could  be  made.  But,  in  January,  1853,  tearing 
pains  attacked  both  ears,  followed  by  a  copious  discharge  of 
matter  and  hardness  of  hearing,  which  ended  in  a  complete 
deafness  of  the  right  and,  later,  of  the  left  ear.  Within 
about  eight  days  after,  an  entire  paralysis  of  the  right  N^. 
facialis  gradually  came  on.  By  repeated  local  bleedings, 
fomentations,  injections,  and  the  internal  employment  of 
antiphlogistic  and,  subsequently,  narcotic  agents,  the  pains 
were  quieted  and  the  secretion  of  pus  lessened,  but  the  deaf- 
ness, united  with  a  singing  in  the  left  ear,  and  a  dull,  beat- 
ing sensation  in  the  right,  as  well  as  the  paralysis  of  the 
right  side  of  the  face,  remained  unchanged. 

I  visited  the  patient  on  the  12th  of  May,  1852,  and 
found  him  a  man  of  pale,  cachectic  appearance.  All  the 
muscles  of  the  face  supplied  by  the  right  N.  facialis  were 
paralyzed,  the  face  being  correspondingly  distorted;  the 
uvula,  however,  retained  its  normal  direction.  The  tym- 
panum was  destroyed  in  both  ears ;  the  exterior  auditory 
passage  was  contracted  and  filled  by  matter.  Deafness  of 
both  ears  ;  sensibility  of  the  skin  of  the  face  normal  on  both 
sides  ;  enfeebled  sense  of  taste,  joined  with  a  sweet  taste  on 
the  right  half  of  the  tongue.     The  direct  application  of  the 
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electric  current  upon  the  paralyzed  muscles  showed  a  loss 
of  contractility  and  a  great  depression  of  electro-muscular 
sensibility.  The  case  was  accordingly  a  paralysis  of  the  IsT. 
facialis  in  its  course  through  the  petrous  bone ;  and,  accord- 
ing to  the  investigations  of  Claude  Bernard,  the  locale  of  the 
paralyzing  action  must  have  been  situated  above  the  point 
of  exit  of  the  chorda  tympani.^  In  this  case  tuberculous 
caries  of  the  temporal  bone  was  the  source  of  the  malady. 
The  treatment,  which  was,  of  course,  of  short  duration,  had 
no  effect.  The  next  year  the  patient  died  of  phthisis  pul- 
monum. 

Case  29. — Julius  Ritter,  a  mechanic,  twenty-four  years 
old,  of  weak  constitution  and  relax  muscular  system,  was 
attacked  three  weeks  previously,  in  consequence  of  a  cold, 
with  a  pain  in  the  right  temporal  bone,  which  was  followed 
by  a  trembling  in  the  right  facial  muscles,  ending  in  pa- 
ralysis. To  wrinkle  the  right  half  of  the  forehead  or  to 
close  the  right  eye  was  impossible ;  swallowing  w^as  diffi- 
cult ;  there  was  a  constant  trickling  of  tears ;  the  right 
sulcus  naso-labialis  was  closed ;  the  face  correspondingly  dis- 
torted. After  the  patient  had  been  treated  by  Dr.  Abar- 
banell,  first  with  antiphlogistic,  then  with  purgative  agents, 
he  came  to  me,  June  25,  1854,  for  electric  treatment.  So 
relaxed  was  the  general  muscular  system  of  the  patient,  that 
the  paralyzed  half  of  the  face  scarcely  exhibited  a  marked 
difference  in  this  respect  from  the  other  ;  its  sensibility  was 
normal ;  the  electro-muscular  contractility  and  sensibility  of 
the  paralyzed  muscles  were  not  much  reduced.  Accord- 
ingly, both  as  regards  the  duration  and  the  result  of  the 
treatment,  the  prognosis  was  a  favorable  one.     In  point  of 

'  Bernard  discovered  (see  his  Leistungen  auf  dem  Gebiete  der  Exper- 
imental-Physiologie  von  Laksch,  Prager  Viertiljahrschrift,  1853,  Heft  i.,  p. 
180,  et  seq.)  that  the  destruction  of  the  chorda  tympani  effects  a  diminution  in 
the  sense  of  taste  in  that  half  of  the  tongue  on  which  the  cord  is  cut,  while, 
however,  the  sense  of  touch  in  the  affected  part  remains  normal,  and  that  ac- 
cordingly, in  cases  of  facial  paralysis  in  which  no  reduction  of  the  sense  of 
taste  is  present,  the  nerve  is  diseased  below  the  exit  of  the  chorda  tympani. 
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fact,  the  patient  was  able,  July  2Ttli,  after  only  three  sit- 
tings, to  close  the  affected  eye,  and  after  the  fifth  sitting — 
July  29th— to  wrinkle  the  forehead,  and  to  eat  and  drink 
without  difficulty.  After  the  ninth  sitting — August  4th — ^lie 
could  raise  the  corner  of  the  mouth  a  little,  and  the  sulcus 
naso-labialis  began  to  be  apparent.  On  August  10,  1854, 
after  the  thirteenth  sitting,  he  was  dismissed  perfectly 
cured. 

Case  30. — The  cure  of  a  cabinet-maker,  named  Engel- 
man,  was  still  more  rapid.  The  patient,  a  man  of  thirty- 
five  years,  was  attacked,  August  10,  1854,  without  known 
cause,  with  a  paralysis  of  the  left  side  of  the  face,  united 
with  pricking  pains  in  the  left  ear.  After  cupping-glasses 
had  been  applied  to  the  nape  and  Russian  baths  had  been 
employed  a  few  times,  the  pains  disappeared,  but  the  para- 
lytic effects  remained  unchanged,  and  on  the  25th  of  August 
the  patient  was  brought  to  me  by  Dr.  Lode  for  electrical 
treatment.  In  this  case  also  the  forehead,  on  the  affected 
side,  could  not  be  wrinkled,  the  lower  eyelid  hung  down, 
tears  flowed  from  the  eye,  the  mouth  was  awry,  and  on  the 
left  side  could  not  be  opened,  eating  and  drinking  were  dif- 
ficult, etc.,  etc.  The  electro-muscular  contractility  and 
sensibility  of  the  paralyzed  muscles  were  not  in  the  least 
affected.  On  the  26th  of  August,  after  only  two  sittings, 
the  patient  could  wrinkle  the  forehead.  August  29th — -G.Ye 
sittings — ^lie  could  distend  the  mouth  a  little,  and  close  the 
eye,  though  with  effort ;  his  drink  no  longer  flowed  from  his 
mouth.  Having  then  to  make  a  journey,  I  was  compelled 
to  discontinue  the  treatment ;  nevertheless,  without  further 
application  of  remedial  agents,  the  improvement  of  the 
patient  went  on  rapidly,  so  that  on  my  return — September 
ITth — ^I  found  him  perfectly  recovered. 

When  electro-muscular  contractility  and  sensibility  are 
quite  extinct,  and  to  this  condition  ansesthesia  of  the  skin  is 
added — symptoms  which  in  injuries  of  the  nerves  are  often 
complicated  with  a  loss  of  nervous  substance — the  prognosis 
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takes  a  very  unfavorable  shape.  But  even  in  sucli  cases  we 
should  not  despair  of  the  possibility  of  a  cure,  as  the  loss  of 
substance  may  be  repaired,  and  the  muscles,  even  when,  in 
consequence  of  interrupted  innervation  or  mechanical  con- 
ditions, they  have  for  a  long  time  lain  altogether  inactive, 
may,  after  the  functional  difficulties  have  been  conquered 
and  suitable  nutritive  conditions  have  been  supplied,  become 
again  capable  of  action.  In  relation  to  the  first  point, 
"Waller  discovered  ^  that,  when  the  fibres  of  the  peripheric 
extremity  of  an  intersected  nerve  decay,  a  new  formation  of 
nervous  fibres  not  only  takes  place  at  the  point  of  intersec- 
tion, but  extends  to  the  peripheric  extremities.  Having  cut 
the  N.  vagus  of  a  dog,  twelve  days  after  he  found  its  periph- 
eric extremity  wholly  disorganized,  the  nervous  sheath  al- 
most entirely  gone,  and  its  contents  disintegrated  to  a  dark, 
granulated  mass  ;  a  month  later,  in  place  of  the  destroyed 
fibres,  new  ones  had  formed — an  observation  which  Schiif ' 
has  confirmed.'  In  agreement  with  this  discovery,  Du- 
chenne  found  in  certain  cases,  in  which  great  injury  to  the 
nerves  was  united  with  a  loss  of  substance,  that  the  muscles 
which  had  altogether  lost  their  contractile  power,  at  a  later 
period  reacted  under  electric  irritation  and  were  functionally 
restored ;  he  thence  concluded  that  an  absolute  deficiency  of 
electro-muscular  irritability,  though  lasting  for  a  long  time, 
does  not  justify  the  assumption  that  the  muscle  is  dead. 

I  shall,  in  this  connection,  reproduce  the  exceedingly  in- 
teresting case  which  Duchenne  publishes  in  his  work."* 

1  MuUer's  Archiv.,  1852,  p.  392. 

*  Archiv.  fur  physiologische  Heilkunde,  1852,  p.  145. 

3  C.  Bruch,  of  Basle,  has  pointed  out  {vide  Archiv.  des  Vereins  fiir  gemein- 
schaftliche  Arbeiten  zur  Forderung  der  wissenschaftlichen  Heilkunde,  Band  ii., 
Heft  iii.,  1855,  p.  409,  ei  seq.)  that  the  reunion  of  the  parts  of  a  divided  nerve 
takes  place  in  three  ways.  In  favorable  cases  there  is  a  direct  concretion  of 
the  contiguous  fibrous  extremities ;  in  other  cases  the  fibres  have  to  grow 
toward  each  other ;  but  in  the  majority  of  cases  the  peripheric  portion  of  the 
divided  nerve  wastes  away,  and  its  place  is  supplied  by  an  extension  of  the  cen- 
tral portion. 
*    L.  c,  p.  252. 
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Albert  Musset,  a  printer,  nineteen  years  old,  had  liis 
right  hand  caught,  JS'ovember  13,  1846,  in  a  machine,  by 
which  the  ]^.  ulnaris,  the  Art.  ulnaris,  the  tendons  of 
the  flexor  sublimis  and  profundus,  the  M.  palmaris  brevis, 
etc.,  were  so  severely  wounded  that  when,  three  months 
later,  the  patient  left  the  hospital,  the  muscles  of  the  hand 
were  in  a  condition  of  complete  paralysis  and  atrophy.  The 
two  last  phalanges  of  all  the  fingers  were  constantly  flexed, 
and  the  emaciated  hand  gradually  assumed  the  form  of  a 
claw.  When  Duchenne  first  saw  the  unfortunate  man 
(December  22,  1850),  four  years  after  the  accident,  the  hand 
was  emaciated  to  the  bones,  and  on  its  inner  surface  the  ten- 
dons of  the  flexors  and  the  projections  of  the  metacarpal 
bones  were  prominent.  The  two  last  phalanges  of  the  fin- 
gers were  permanently  adducted,  though  they  could  be 
brought  mechanically  in  the  same  line  with  the  first  pha- 
langes, the  articulations  of  which  with  the  metacarpal  bones 
were  in  a  state  of  partial  luxation.  If  an  attempt  was  made 
to  overcome  this  luxation,  the  tuberosities  of  the  metacarpal 
bones,  which  were  in  a  condition  of  hypertrophy,  opposed 
insurmountable  obstacles.  If  an  attempt  was  made  to 
straighten  the  fingers,  the  luxation  was  rendered  complete  ; 
also  the  distention  of  the  fingers  and  the  adduction  and 
abduction  of  the  thumb  were  impossible.  The  forearm, 
which  was  somewhat  emaciated,  exhibited  a  straight  scar, 
extending  from  above  downward,  and  from  the  inside  out- 
ward, and  adhering  to  the  tendons  of  the  flexors.  The  flex- 
ion and  extension  of  the  wrist,  the  pronation  and  supination 
of  the  forearm  could  be  accomplished  with  ordinary  ease. 
The  sensibility  of  the  skin  of  the  posterior  half  of  the  hand, 
and  of  the  fifth  finger,  and  upper  side  of  the  fourth,  was 
weakened ;  the  hand  was  the  seat  of  constant  pains,  which 
were  increased  by  every  movement.  Its  color  was  a  dull 
white  ;  blue  in  the  cold ;  its  temperature,  both  to  the  feeling 
of  the  patient  and  to  the  touch,  was  considerably  lowered  ; 
its  veins  were  not  visible.     In  all  the  muscles  of  the  hand 
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electro-muscular  contractility  was  extinct ;  the  skin  of  tlie 
posterior  half  of  the  upper  surface  of  the  hand,  and  of  the 
little  finger  and  the  inner  surface  of  the  ring-finger,  was 
wholly  unsusceptible  of  electric  irritation. 

Duchenne,  in  his  indefatigable  zeal,  did  not  lose  courage 
in  the  presence  of  this  seemingly  hopeless  case.  He  at  once 
applied  the  electric  current  to  the  paralyzed  muscles,  and 
after  only  the  tenth  sitting — the  sittings  were  continued,  as 
a  rule,  from  ten  to  fifteen  minutes — Musset,  instead  of  the 
pains  which  he  had  formerly  experienced,  felt  in  his  hand  a 
burning  heat,  though  the  fingers,  as  before,  were  afiected 
with  a  painful  and  dull  cold  sensation.  At  the  same  time 
the  nutrition  of  the  muscles  began  to  improve,  and  the  de- 
pressions between  the  metacarpal  bones  to  fill  up ;  the  luxa- 
tion of  the  first  phalanges  diminished ;  the  second  phalanges 
assumed  a  more  extended  direction.  At  this  stage,  on  ac- 
count of  the  feverish  condition  of  the  patient,  the  treatment 
was  remitted  for  three  weeks.  During  this  interval,  not 
only  was  there  no  retrogression  of  the  local  evil,  but,  on  the 
contrary,  the  warm  feeling  spread  over  the  fingers,  which 
now  lost  their  dull  sensation  of  pain.  On  recommencing  the 
treatment,  Duchenne  united,  with  the  faradization  of  the 
muscles,  that  also  of  the  skin,  using  for  this  purpose  the 
metallic  wire-brush ;  the  sensibility  of  the  skin,  thereupon, 
perceptibly  increased,  the  veins  in  the  back  of  the  hand  be- 
came distinct,  the  color  of  the  skin  normal. 

The  sittings  being  continued  from  day  to  day,  the  small 
muscles  of  the  hand,  which  were  not  earlier  noticeable, 
began,  about  the  15th  of  March,  1851,  to  develop  dis- 
tinctly, and  the  position  of  the  index  and  middle  fingers  im- 
proved ;  the  adduction  of  the  first  phalanges  was  now  possi- 
ble, the  M.  interossei  reacted  under  electric  excitement,  but 
voluntary  movements  were  not  yet  practicable.  At  this 
stage,  the  patient  left  the  hospital  and  passed  two  months 
at  large,  with  the  intention  of  leaving  to  nature  the  comple- 
tion of  the  cure.     His  hope,  however,  proved  illusive ;  his 
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hand  did  not  increase  in  size,  nor  did  the  power  of  voluntary 
movement  return ;  accordingly,  he  again  had  recourse  to 
electric  treatment,  and  from  the  beginning  of  June  was  sub- 
jected two  or  three  times  a  week  to  faradization.  In  the 
outset  the  first  phalanges  of  the  first  and  second  fingers  as- 
sumed a  position  still  more  inclined  toward,  the  metacarpal 
bones;  but  the  last  two  became  more  extended,  and  the 
active  movement  of  the  last  members  of  the  fingers,  as  well 
as  the  abduction  and  adduction  of  the  fingers,  became  pos- 
sible. 

The  improvement  now  progressed  rapidly,  so  that,  by  the 
end  of  August,  Musset  could  write  and  draw,  and  in  Feb- 
ruary, 1852,  notwithstanding  an  interruption  of  the  treat- 
ment for  more  than  a  month,  he  could  adduct  the  first 
phalanges  of  the  index  and  middle  fingers  to  a  right  angle 
w^ith  the  metacarpal  bones,  and  could  fully  extend  the  last 
phalanges.  The  position  and  motor  power  of  the  last  two 
fingers  had  become  better ;  the  muscles  of  the  thumb  were 
almost  perfectly  developed,  and  were  capable  of  all  the 
movements ;  the  tendons  of  the  fiexors  were  no  longer 
prominent  on  the  surface  of  the  hand,  and  the  muscles  at 
the  ball  of  the  little  finger  were  available  for  use.  Musset 
now  engages  to  transcribe  manuscript ;  with  the  hand,  for- 
merly disabled,  he  coj)ied  for  me  the  prize  essay  in  which 
Duchenne  published  the  report  of  this  case. 

But  the  most  brilliant  illustration  of  the  extraordinary 
length  of  time  during  which  muscles,  that,  in  consequence 
of  some  mechanical  obstruction,  have  lost  their  functional 
power,  or  in  which  this  power  has  never  been  developed, 
can  preserve  their  integrity,  is  furnished  by  cases  of  facial 
paralysis  extant  from  both.  In  such  cases  the  M.  buccina- 
tor, which  is  provided  with  the  motor  roots  of  the  trigemi- 
nus, is  included  in  the  paralysis.  Here  all  that  is  necessary, 
in  order  to  make  it  possible  to  move  the  mouth  laterally,  and 
hold  it  in  a  lateral  position,  is  a  faradization,  once  or  twice, 
of  the  muscle  named. 
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Case  31. — L.  H.,  a  student,  nineteen  years  old,  was  born 
with  a  paralysis  of  the  right  side  of  the  face,  which  could  be 
traced  to  no  cause  antecedent  to  birth.  In  addition  to  an 
absolute  inability  to  perform  any  movenient  with  the  mus- 
cles of  the  right  side  of  the  face,  to  wrinkle  the  forehead,  to 
close  the  eye,  or  to  draw  together  the  mouth,  the  sensation 
of  taste  was  weakened  in  the  right  extremity  of  the  tongue. 
In  the  position  of  the  uvula  there  was,  neither  in  this  nor 
in  the  following  case,  any  remarkable  variatioji.  After  only 
the  second  sitting  the  patient  was  able  to  widen  the  mouth 
so  much,  that  perpendicular  wrinkles  were  formed  in  the 
cheeks.  Thus  a  muscle  which  had  lain  dormant  for  nine- 
teen years  was,  on  a  second  application  of  the  electric  cur- 
rent, endowed  with  freedom  of  movement.  The  electric 
treatment,  which  was  continued  more  than  a  month,  and 
was  then  broken  off  by  the  departure  of  the  patient,  exer- 
cised also  a  decided  influence  upon  the  muscles  provided 
with  the  facial  nerve  ;  thus  after  only  six  weeks  the  patient 
could  whistle,  wrinkle  the  forehead  in  both  directions,  and 
give  energetic  action  to  the  M.  levator  lab.  sup.  alseque  nasi. 

Case  32. — Margaret  T.,  seven  years  old,  besides  being 
born  with  a  paralysis  of  the  left  side  of  the  face,  was  afflicted 
with  the  malformation  here  described  :  Though  the  left  ear 
was  present,  the  external  auditory  passage  was  absent,  and 
the  place  of  the  external  ear  was  occupied  by  a  white  fleshy 
prominence,  of  the  size  of  a  hazel-nut,  provided  with  mus- 
cular fibres,  and  therefore  movable,  in  which  the  proc.  sty- 
loideus  could  be  felt  inclined  abnormally  outward.  The 
entire  left  side  of  the  face,  particularly  the  left  side  of  the 
lower  jaw,  was  shortened ;  on  the  other  hand,  the  left  arch 
of  the  palate  was  broader  than  the  right  one.  After  only 
one  sitting,  the  little  patient  was  able  to  effect,  by  means  of 
the  M.  buccinator,  a  lateral  movement  of  the  mouth ;  and 
in  a  few  months,  after  twenty-eight  sittings,  all  the  muscles 
of  the  face  were  possessed  of  freedom  of  movement,  though 
naturally,  in  laughing,  the  mouth  was   still   considerably 
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more  drawn  to  the  side  originally  sound ;  and  in  all  spon- 
taneous movements  the  preponderance  of  the  muscles  of  the 
right  side  of  the  face  was  perceptible.  In  this  case  there 
was  also  a  remarkable  phenomenon  presented,  to  which 
Duchenne  has  already  drawn  attention — namely,  the  con- 
tinuous development  of  freedom  of  movement  in  the  muscles 
of  the  left  side  of  the  face,  though  under  neither  direct  nor 
indirect  irritation  did  they  display  the  least  sign  of  reaction, 
a  fact  of  which  Professor  Yirchow,  among  others,  was  con- 
vinced. A  difference  in  the  sense  of  taste  between  the 
right  and  left  sides  of  the  tongue  was  not  established  in  this 
case. 

I  have  mentioned  that  in  nervous  paralysis  a  disturbance 
in  the  electric  condition  of  the  paralyzed  muscles  does  not 
occur  till  the  second  week.  I  desire  here  to  bring  this  fact 
once  more  into  notice,  in  order  to  warn  the  practitioner 
against  the  prognostic  errors,  which  easily  arise,  when,  in 
view  of  the  normal  or  but  slightly-disordered  electric  condi- 
tion which  characterizes  the  first  few  days  of  such  a  paraly- 
sis, a  favorable  prognosis  is  made,  without  taking  into  ac- 
count the  fact  that  the  disturbing  action  which  affects  the 
nerves  has  not  yet  extended  to  the  muscles. 

Case  33. — Carl  H.,  a  merchant,  twenty-eight  years  of 
age,  came  to  me  (June  5,  1858)  w^ith  a  complete  paralysis  of 
the  left  side  of  the  face,  which  he  had  contracted  three  days 
before,  in  consequence,  as  he  believed,  of  a  cold  caught 
during  the  night.  All  the  muscles  provided  with  the  N. 
facialis  reacted  equally  well ;  but,  after  the  second  sitting, 
June  8th,  the  reaction  was  less  strong ;  and  on  June  10th — 
that  is,  eight  days  after  the  beginning  of  the  attack — it  was 
fully  extinct.  From  this  time  till  the  departure  of  the 
patient  (July  16th),  thirty-one  electric  sittings  were  had, 
but  they  were  attended  with  only  a  slight  result ;  so  that, 
while  some  creases  became  apparent  on  the  forehead,  the 
eye  could  not  be  closed,  nor  the  mouth  be  drawn  up  toward 
the  left,  or  much  contracted. 
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[Note. — No  more  interesting  and  valuable  essay  has  yet  been  published  upon 
injuries  of  the  nerves,  and  the  disorders  consequent  thereon,  than  the  admirable 
monograph  of  Drs.  Mitchell,  Morehouse,  and  Kean  (Gunshot  Wounds  and  other 
Injuries  of  Nerves.  Philadelphia:  1864).  The  student  or  practitioner,  who  de- 
sires to  familiarize  himself  with  the  subject  of  paralysis  in  all  its  phases,  cannot 
do  so  without  an  attentive  study  of  this  little  book.  Dr.  Meyer  does  not  appear 
to  be  aware  of  its  existence.  I  would  gladly  transfer  a  portion  of  it  to  these 
pages,  but  it  is  all  so  much  to  the  point  that  I  must  content  myself  with  recom- 
mending its  perusal  to  all  who  wish  a  full  acquaintance  with  nervous  patholo- 
gy.—W.  A.  H.] 

V.   MUSCULAE  PAKALYSIS. 

Dr.  H.  Friedberg,  in  his  "  Patliologie  und  Therapie  der 
Muskellahmungen,"  ^  lias  justly  distinguished  the  paralysis 
of  the  muscles  which  arises  from  a  disorder  in  the  assimila- 
tive processes  of  the  muscular  substance,  or  myopathic  pa- 
ralysis— ^paralysis  ex  alienata  musculorum  nutritione — from 
that  form  of  paralysis  which  is  occasioned  by  an  injury  to 
the  nervous  centres  or  nervous  cords,  or  neuropathic  pa- 
ralysis. In  this  connection,  he  has  remarked  that  this  dis- 
turbance in  assimilative  action  may  render  a  muscle  incapa- 
ble of  obeying  the  will,  even  when  the  motor  nerves  are 
susceptible  to  the  excitation  emanating  from  the  brain  and 
spinal  cord.  In  neuropathic  paralysis  the  disturbed  assimi- 
lative action  of  the  muscle  is  the  secondary  cause ;  in  myo- 
pathic it  is  the  primary  one,  and  therefore  in  the  latter  it 
appears  earlier  and  runs  a  quicker  course.  On  the  other 
hand,  in  neuropathic  paralysis  the  cessation  of  muscular 
contraction  is  the  primary  eifect ;  in  myopathic  it  is  a  sec- 
ondary one.  A  disturbance  in  the  nutrition  of  a  muscle 
capable  of  inducing  paralysis  may  be  excited,  according  to 
Friedberg,  by  the  following  causes :  1.  A  similar  disturb- 
ance in  adjacent  organs,  communicating  itself  to  the  mus- 
cles ;  examples  are,  paralysis  of  the  muscles  covering  the 
peritonaeum,  in  consequence  of  peritonitis,  paralysis  of  the 
intercostal  muscles,  in  consequence  of  pleuritis,  paralysis  of 
the  M.  deltoideus,  in  consequence  of  inflammation  of  the 

»  Weimar,  1858. 
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shoulder-joint ;  2.  The  eifect  of  external  force,  a  wound,  a 
burn,  laceration,  excessive  straining;  3.  A  sudden  change 
of  temperature ;  4.  Various  diseases  of  the  blood,  as,  for  ex- 
ample, typhus,  acute  exanthemata,  the  action  of  certain 
poisons,  as  lead,  disturbing  the  nutrition  of  the  muscles ; 
5.  Deficient  supply  of  blood  or  repressed  muscular  move- 
ment, as  in  those  nutritive  disturbances  in  the  muscles 
induced  by  diseased  conditions  of  the  vascular  membranes 
and  thrombosis,  or  those  similar  disturbances  occasioned  by 
the  pressure  of  tumors  ;  6.  Unknown  causes,  numerous  cases 
of  progressive  muscular  atrophy,  etc. 

The  disturbance  in  the  nutrition  of  the  muscle  which  is 
effected  by  these  various  causes  is,  from  a  pathological  and 
anatomical  stand-point,  always  the  same  in  essential  charac- 
ter, namely,  either  a  genuine  inflammation  of  the  muscle  or 
a  result  of  such  inflammation.  The  structure  of  the  muscle, 
abundantly  supplied  as  it  is  with  connective  tissue  which, 
not  only  envelops  the  entire  muscle,  but  the  several  mus- 
cular fibres  and  bundles  of  fibres,  and  through  which  the 
blood-vessels  are  abundantly  distributed,  is  the  seat  of  light 
inflammations,  which  arise  sometimes  from  a  direct  influence 
brought  to  bear  upon  the  muscle,  sometimes  by  diffusion 
from  contiguous  tissues,  and  which,  in  consequence  of  the 
connection  of  the  muscular  integuments  with  the  fascicles, 
extend  more  or  less  widely  from  the  muscles  primarily  af- 
fected. The  great  quantity  of  blood-vessels  with  which  the 
muscles  are  enriched  supplies  the  conditions  for  the  occur- 
rence of  one  of  two  results :  either,  on  the  one  hand,  a  speedy 
subjugation  of  the  inflammation  and  a  restoration  of  normal 
functions  before  the  disorder  has  affected  to  any  considerable 
degree  the  nutrition  of  the  primitive  fibres  ;  or,  on  the  other 
hand,  if  the  inflammation  be  not  subjugated,  the  formation 
of  purulent  granules,  connective  tissue,  and  fat,  and  the  dis- 
integration of  the  primitive  fibres  with  their  constituent 
tissues,  or  a  fatty  degeneration  of  them,  the  vessels  and 
nerves  becoming  thus  involved  finally  in  the  same  diseased 
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condition.  The  process  thus  described  does  not,  however, 
necessarily  embrace  at  once'  the  entire  muscle.  The  several 
fascicles  of  the  same  muscle  may  be  affected  in  various  de- 
grees, some  retaining  their  organization,  others  undergoing 
a  fatty  degeneration,  etc.  The  muscular  fibres  may  also — a 
result  which  cannot  often  be  learned  from  an  external  ex- 
amination— become  deteriorated,  without  any  appearance 
of  atrophy  in  the  muscle,  which,  in  consequence  of  the  new 
formation  of  fat  or  connective  tissue,  may  seem  much  larger 
than  it  really  is. 

In  harmony  with  this  variety  in  the  anatomical  condi- 
tions of  the  paralyzed  muscles,  their  reaction  under  the 
induced  current  is  very  various,  every  grade  of  electric  con- 
dition being  exhibited,  from  the  normal  one  to  that  of  a  com- 
plete deprivation  of  electro-muscular  contractility  and  sensi- 
bility— a  diversity  presented  not  simply  by  different  muscles, 
but  also  sometimes  by  the  various  fascicles  of  the  same  mus- 
cle. By  observing,  however,  the  degree  of  depression  in 
electro-muscular  contractility  and  sensibility,  we  can  at  once 
determine :  1.  Which  muscles  have  primarily,  and  which  have 
secondarily  suffered,  that  is,  which  have  been  directly  affect- 
ed by  the  paralyzing  influence,  and  which  have  been  con- 
demned to  an  activity  in  consequence  of  a  disturbance  in 
their  motor  power  unconnected  with  a  condition  of  disease. 
2.  How  deeply  the  muscles  have  suffered  in  their  assimila- 
tive processes,  and  whether  accordingly  a  speedy  or  a  slow 
cure  may  be  anticipated,  or  none  at  all.  As  regards  the  last 
contingency,  even  a  complete  loss  of  irritability  under  the 
induced  current  does  not  at  all  justify  an  unconditionally 
unfavorable  prognosis,  in  confirmation  of  which  I  refer  the 
reader  to  the  experiments  made  by  Brenner,  mentioned  on 
page  190. 

Case  34. — S.,  a  merchant,  twenty-eight  years  of  age,  had 
contracted,  probably  in  consequence  of  the  tightness  of  his 
boot,  a  paralysis  of  the  M.  extensor  hallucis  longus  of  the 
left  foot,  which,  wh^n  the  patient  had  drawn  off  his  boot, 
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prevented  his  raising  his  great  toe  from  the  floor.  By  the 
use  of  a  strong  sole,  the  inconvenience  of  this  was  but  little 
lessened.  The  reactions  of  the  paralyzed  muscle  showed 
only  a  slight  loss  of  power,  consequently  the  prognosis  was 
favorable,  and  in  fact  the  patient,  who  had  come  to  me  for 
treatment  May  8, 1867,  was  able,  after  four  sittings,  to  leave, 
May  17th,  perfectly  cured. 

Case  35. — Hauif,  a  merchant,  fifty-two  years  old,  having 
on  a  warm,  spring  afternoon,  while  working  in  his  shirt- 
sleeves in  his  shop,  exposed  himself  to  a  draught  of  air,  was 
seized,  toward  evening,  with  violent,  tearing  pains  in  the 
•right  shoulder,  which  in  the  night  increased  in  intensity, 
making  every  movement  of  the  shoulder  and  the  elevation 
of  the  arm  impossible,  and  gradually  spreading  over  the  up- 
per part  of  the  arm,  the  forearm,  and  the  hand,  down  to  the 
finger-ends.  Within  about  fourteen  days,  in  consequence  of 
frequent  cupping  about  the  shoulder-blade,  and  the  employ- 
ment of  embrocations  and  Russian  baths,  the  pains  disap- 
peared, but  the  power  of  voluntary  movement  in  the  shoul- 
der was  entirely  abolished,  and  the  muscles  of  the  posterior 
region  of  the  shoulder-blade  and  acromion,  especially  the  M. 
deltoideus,  became  atrophied. 

In  this  condition,  about  six  weeks  after  the  beginning  of 
the  disease,  the  patient,  on  the  advice  of  his  physician.  Dr. 
L.  Posner,  applied  to  me  for  a  trial  of  electric  treatment. 
An  examination,  made  May  22,  1862,  gave  the  following 
results  :  The  upper  part  of  the  right  arm  was  wholly  incapa- 
ble of  active  movement,  and  lay  rigid  and  motionless  against 
the  thorax.  A  limited  passive  movement  could  be  made,  but 
this  was  attended,  especially  on  every  attempt  to  raise  the 
arm,  with  a  severe  sensation  of  pain.  The  right  shoulder  had 
lost  its  rotundity,  the  M.  deltoideus  being  shrunken  and  re- 
laxed to  such  a  degree,  that  between  the  acromion  scapulae  and 
the  caput  humeri  there  was  an  interval  of  about  half  an  inch. 
The  patient  complained  of  an  unpleasant  sensation  of  dul- 
ness,  itching  and  pricking  in  the  forearm,  and  hand,  especially 
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in  the  fourth  and  fifth  fingers,  causing  him  to  seek  its  re- 
moval by  repeatedly  rubbing  with  the  sound  hand  the  parts 
thus  affected.  The  electro-muscular  contractility  of  the  M. 
deltoideus  was  normal ;  the  electro-muscular  sensibility,  how- 
ever, especially  of  those  fibres  which  take  their  rise  from  the 
acromion,  was  considerably  heightened.'  On  June  11th, 
after  only  the  ninth  sitting,  the  patient  was  able  to  raise  the 
arm,  without  pain,  to  a  horizontal  position.  The  caput  hu- 
meri had  approached  to  within  two  lines  of  the  acromion ; 
the  M.  deltoideus  had  increased  in  size.  At  this  stage  the 
patient  interrupted  the  treatment  with  the  intention  of  leav- 
ing the  rest  to  nature,  but,  as  his  condition  was  rather  deteri- 
orated than  improved,  he  applied  again  to  me,  August  ISth, 
for  a  continuance  of  electric  treatment.  I  accordingly  sub- 
jected the  patient  fourteen  times  more  to  faradization,  and 
dismissed  him,  October  2d,  perfectly  cured ;  the  M.  deltoi- 
deus had  regained  its  power  of  movement,  and  the  shoulders 
their  fulness  of  form.  The  painful  sensations  in  the  arm 
and  fingers  had  passed  entirely  away. 

Case  36. — C.   L.,  a  farmer,  twenty-two   years  of  age, 

^  This  elevation  of  the  electro-muscular  sensibility,  which  Duchenne  regards 
as  an  indication  of  what  he  terms  rheumatic  paralysis,  that  is,  a  paralysis  aris- 
ing from  muscular  rheumatism,  neuralgia,  or  other  rheumatic  affection,  is  prob- 
ably only  the  result  of  an  accompanying  hyperaesthesia  of  the  affected  muscles. 
It  is  no  more  a  characteristic  of  rheumatic  paralysis  than  the  normal  condition 
of  the  electro-muscular  contractility  is,  which  also  Duchenne  will  have  as  a 
peculiarity  of  this  form  of  paralysis.  Froriep  (Ueber  die  Heilwirkungen  der  Elec- 
ricitat.  Erstes  Heft :  Die  rheumatische  Schwiele,  Weimar,  1843)  has  assigned  as 
the  constant  and  distinctive  feature  of  rheumatic  forms  of  disease,  the  rheumatic 
callosity,  an  exudation  which  has  its  seat  in  the  dermis,  the  connective  tissue, 
the  muscle,  or  the  periosteum ;  but,  on  more  careful  observation,  this,  though 
frequently,  is  by  no  means,  always  found  in  diseases  of  the  kind  named ;  when 
present,  it  occasions  a  corresponding  reduction  of  the  electro-muscular  contrac- 
tility. I  myself  have  seen  cases  in  which  Duchenne's  statements,  and  still  more 
numerous  cases,  in  which  Froriep's  held  good ;  the  distinction  lies  simply  in 
this,  that  in  the  former  there  was  no  exudation,  but  probably  a  hypercesthesia 
of  the  nerves  of  the  muscle,  while  in  the  latter  a  greater  or  less  degree  of 
exudation  was  present,  by  which  the  muscular  contractility  was  lowered  in  pro- 
portion to  the  increased  resistance  to  conduction. 
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had  been  subject  from  his  seventh  to  his  seventeenth  year 
to  ^^arious  kinds  of  nervous  attacks ;  thus  from  his  seventh 
to  his  twelfth  year  he  had  suffered  paralysis  of  the  lower 
extremities,  alternating  with  intervals  of  relief,  during 
which  he  was  perfectly  strong  in  the  use  of  his  legs.  From 
his  twelfth  to  his  seventeenth  year  he  had  been  subject  to 
epileptic  convulsions,  which  sometimes  were  excited  merely 
by  the  brushing  of  his  coat.  From  this  time,  he  had  grown 
physically  so  strong,  that  he  could  perform  all  the  duties  of 
an  agriculturist,  and  was  only  inconvenienced  occasion- 
ally by  pains  in  the  back  of  the  head  or  spine,  rendering 
necessary  the  application  of  leeches  or  cupping-glasses.  He 
was,  accordingly,  notwithstanding  his  opposition,  declared  fit 
for  military  service,  and  was  enlisted  October  18, 1854. 

So  soon  as  October  21st,  he  experienced  pains  in  both 
arms,  especially  the  left,  which,  in  consequence  of  continued 
military  exercises,  increased  in  intensity,  being  particularly 
severe  in  the  region  of  the  shoulder;  these  were  accom- 
panied with  disturbances  in  motor  power,  disenabling  him 
from  raising  the  left  arm  at  the  shoulder-joint  with  any 
freedom,  or  adducting  it  at  the  elbow.  Being  at  last  only 
able  to  hold  the  stock  of  his  musket  with  the  flexors  of  his 
fingers,  he  was  received,  November  16th,  into  the  military 
hospital.  But,  notwithstanding  the  employment  of  douches 
and  embrocations,  a  complete  paralysis  of  the  arm  ensued, 
together  with  reduction  of  temperature,  disturbance  of  sen- 
sibility, and  a  relaxation  of  the  muscles  of  the  shoulder 
and  upper  arm.  The  endermic  application  twice  a  day  of 
strychnine,  in  doses  gradually  increased  from  -J  to  -J  a  grain, 
remained  without  favorable  result,  and  the  patient  was  at 
last,,  on  December  22d,  dismissed  from  the  hospital  as  tem- 
porarily unfit  for  service.  After  an  interval  of  several 
weeks,  during  which  cuppings  were  applied  to  the  nape  of 
the  neck,  invigorating  washes  employed,  and  perfect  rest  for 
the  arm  enjoined,  on  the  advice  of  Dr.  Leubuscher,  he  came 
to  me  January  31,  1855,     The  upper  arm  could  not  be 
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moved  from  the  body ;  the  elbow  could  not  be  bent,  and  the 
entire  arm,  therefore,  hung  lax  by  his  side.  The  M.  deltoi- 
deus  and  biceps  brachii  felt  flabby.  The  sensibility  of  the 
skin  on  the  upper  arm  was  diminished.  The  action  of  the  mus- 
cles of  the  forearm  and  hand  was  imimpeded.  The  patient 
complained  of  a  feeling  of  coldness  in  the  arm  and  hand ;  yet 
these  parts  did  not  feel  cold  to  the  touch.  The  electro-mus- 
cular contractility  of  the  paralyzed  muscles,  the  M.  deltoideus, 
and  biceps,  was  but  little  lowered,  and  accordingly  a  favor- 
able prognosis  could  be  made.  In  point  of  fact,  after  only 
the  third  sitting,  the  patient  was  able  to  raise  the  arm  to  the 
horizontal  plane,  the  sensibility  of  the  skin  was  increased, 
and  the  feeling  of  coldness  subsided.  After  the  ninth  sit- 
ting (February  9,  1855),  all  the  movements  were  performed 
without  obstruction,  the  tone  of  the  muscles  was  raised,  the 
arm  warm,  the  sensibility  of  the  skin  normal.  A  feeling  of 
pain,  however,  aroused  by  repeated  movements  of  the  arm, 
and  extending  along  the  shoulder-blade  to  the  spine,  ren- 
dered an  application  of  a  gentle  electric  current  two  or 
three  times  a  week  still  desirable.  Under  this  treatment  the 
muscles  formerly  paralyzed  increased  during  February  and 
March  in  volume.  The  pains  were  dissipated,  and  at  the 
end  of  March  the  patient  was  again  ready  for  active  service. 
Case  37. — Hermann  Schroeder,  a  boy  of  twelve  years, 
who  had  been  always  healthy,  having,  while  playing  at  ball, 
hurled  the  ball  by  a  strong  effort  to  a  great  distance,  expe- 
rienced a  severe  pain  in  the  right  shoulder,  which  lasted 
eight  days.  Two  years  later,  about  the  beginning  of  the 
year  1854,  his  relatives  remarked  that  the  right  shoulder 
was  carried  lower  down  and  more  to  the  front  than  the  left, 
and  that  the  thorax  was  fallen  in  on  the  right  side.  An  ex- 
amination (made  August  26,  1854)  gave  the  following  re- 
sults :  If  the  patient  was  regarded  posteriorly  while  assum- 
ing an  unbent  posture,  his  arms  hanging  by  his  side,  the 
vertebral  column,  from  the  first  to  the  seventh  dorsal  verte- 
bra, showed  a  devi^ttion  to  the  left,  which  at  its  greatest  dis- 

18 
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tance  was  as  much  as  lialf  an  inch.  The  distance  of  the 
superior  angle  of  the  shoulder-blade  from  the  proc.  spin,  of 
the  third  dorsal  vertebra  measured,  on  the  right  side,  four 
inches,  and,  on  the  left  side,  two  inches  ;  the  distance  of  the 
inferior  angle  of  the  proc.  spin,  of  the  ninth  dorsal  vertebra 
measured,  on  the  right  side,  three  and  a  half  inches,  on  the 
left  side  one  and  three-quarter  inches.  Consequently,  the 
right  shoulder-blade,  especially  at  its  inferior  part,  was  but 
loosely  connected  with  the  thorax,  while  the  superior  free 
border  of  the  latissimus  dorsi,  which  in  its  normal  position 
covers  the  inferior  angle  of  the  shoulder-blade,  and  is  at- 
tached to  the  thorax,  was  here  found,  in  consequence  of  the 
changed  position  of  the  scapula,  underlying  it ;  the  right 
Mm.  rhomboidei  projected  as  a  thick  roll.  When  the  pa- 
tient held  both  arms  horizontally  to  the  front,  so  as  to  meet 
opposite  the  middle  line,  the  deviation  of  the  vertebral 
column  disappeared  ;  on  the  other  hand,  the  distance  of  the 
superior  angle  of  the  shoulder-blade  from  the  proc.  spin,  of 
the  third  dorsal  vertebra  measured  on  the  right  side  four 
and  a  half  inches,  on  the  left  side  three  inches ;  the  distance 
of  the  inferior  angle  from  the  proc.  spin,  of  the  ninth  dorsal 
vertebra  measured  on  the  right  side  four  and  a  half  inches, 
on  the  left,  three  inches  and  a  half.  If,  now,  he  moved  both 
arms  at  the  same  time  from  the  front  horizontally  as  far  as 
possible  behind  him,  though  he  succeeded  in  bringing  the 
left  scapula  in  contact  with  the  vertebral  column,  the  infe- 
rior angle  of  the  right  one  remained,  on  the  other  hand,  at  a 
distance  of  three  and  a  half  inches,  and  the  superior  angle 
at  a  distance  of  two  and  a  half  inches  ;  this  nearer  approxi- 
mation of  the  latter  was  only  effected  by  a  powerful  tension 
of  the  Mm.  rhomboidei.  The  case  thus  presented  was  one 
of  complete  paralysis  of  the  right  M.  trapezius,  induced 
probably  by  a  muscular  laceration,  as  well  as  of  apparently 
a  secondary  relaxation  of  the  M.  latissimus  dorsi  of  the  af- 
fected side.  A  treatment,  continued  for  a  considerable  time, 
effected  at  the  most  only  a  greater  tension  of  the  latter, 
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whose  electro-muscular  contractility  was  tolerably  well  pre- 
served ;  but  the  irritation  of  the  trapezius,  whose  electro- 
muscular  contractility,  in  consequence,  probably,  of  an  insuf- 
ficient union  of  the  severed  muscular  fascicles,  was  entirely 
extinct,  remained  without  result. 

In  the  case  which  is  here  described  we  find,  in  addition 
to  the  paralysis  of  the  M.  trapezius,  a  hypertrophy  of  the 
Mm.  rhomboidei  of  the  corresponding  side.  A  like  mus- 
cular hypertrophy  frequently  occurs  as  a  result  of  muscular 
paralysis,  whenever  the  power  of  making  a  certain  move- 
ment is  not  taken  wholly  away  from  the  member  attacked 
by  the  paralysis.  If  the  movement  particularized  can  be 
accomplished  by  other  auxiliary  muscles,  working  in  the 
same  direction  as  the  paralyzed  ones,  the  former,  having 
now  added  to  their  own  proper  function  that  of  the  latter 
also,  undergo  an  increase  of  volume  corresponding  to  their 
increased  activity.^  As  the  paralyzed  muscles  gradually 
recover  their  freedom  of  movement,  the  hypertrophy  sub- 
sides. Moreover,  in  cases  of  muscular  paralysis,  we  often 
meet,  either  in  addition  to  or  without  hypertrophy,  certain 
muscular  deformations  developed  in  the  antagonists  of  the 
paralyzed  muscles,  in  consequence  of  the  removal  of  the 
natural  muscular  equilibrium,  and  which,  in  like  manner, 
gradually  disappear  with  the  restoration  of  executive  power 
to  the  paralyzed  muscles. 

In  the  following  case  we  find,  as  a  result  of  the  paralysis 
of  the  serratus  ant.  major,  a  hypertrophy  of  the  upper  part 
of  the  trapezius  and  the  levator  angul.  scap.,  and  at  the 
same  time  a  deformation  of  the  Mm.  rhomboidei. 

Case  38. — Sann,  a  journeyman  tinman,  nineteen  years 
old,  as  a  child  scrofulous,  but  later  in  life  always  in  good 
health,  was  a  young  man  of  weak  build,  without  strength 
of  muscle,  and  pale  in  the  face.  In  the  autumn  of  1856 
he  was  seized,  without  known  cause,  w^ith  violent  tearing 
pains  in  the  right  shoulder,  which,  when  warmth  was  sup- 

1  See  Case  21. 
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plied,  always  soon  disappeared,  but  returned  at  times,  es- 
pecially in  the  morning  liours.  Sann  having,  on  one  occa- 
sion, about  Christmas-time,  when  he  had  been  working  very 
hard,  supported  his  head  for  a  long  time  in  a  bent  position, 
suddenly  felt  a  tearing  pain  which  ran  from  the  lowest 
cervical  vertebra  to  the  fossa  supraspinata  dextra,  and,  as 
soon  as  he  raised  his  head,  increased  in  violence.  From  this 
time  Sann  could  not  elevate  his  arm  without  pain,  and 
though,  after  he  had  kept  his  bed  several  days,  this  pain 
diminished,  still,  up  to  January  14th,  the  patient  could  not 
take  down  his  coat  from  the  cross-bar  of  his  bed  without 
suffering  severely.  From  this  time  until  his  admission  into 
the  Schoenlein  department  of  the  hospital,  February  4, 1857, 
he  was  subjected  eight  times  to  the  electric  current,  by 
which  means  the  severity  of  his  pains  was  much  mitigated. 

At  this  stage  his  case  presented  the  following  points  : 
There  was  a  slight  curvature  of  the  spine,  in  its  dorsal 
region,  toward  the  right,  and  the  right  shoulder  stood  cor- 
respondingly higher.  Wlien  the  arms  hung  down,  it  was 
observed,  in  the  next  place,  that  the  interior  border  of  the 
right  shoulder-blade  was  inclined  obliquely  downward  to 
the  left  and  that  its  inferior  angle  stood  farther  from  the 
thorax  than  the  corresponding  part  of  the  left  shoulder-blade. 
The  region  of  the  fossa  supraspinata  was  more  prominent  on 
the  right  than  on  the  left,  a  difference  induced  by  the  hyper- 
trophy of  the  superior  part  of  the  trapezius  and  the  levator 
ang.  scapulge  ;  in  like  manner,  the  region  lying  between  the 
upper  dorsal  vertebra  and  the  upper  .part  of  the  interior 
border  of  the  scapula  was  more  prominent  on  the  right  side 
than  on  the  left,  a  difference  induced  by  the  shrinking  of 
the  Mm.  rhomboidei.  The  patient  could  raise  the  extended 
arm  to  an  angle  of  120  degrees ;  but  on  every  attempt  to 
raise  it  higher  he  experienced  pain,  and  at  the  same  time 
involuntarily  inclined  the  head  to  the  right.  If,  in  this 
effort,  he  was  assisted  by  having  the  inferior  angle  of  the 
scapula  pushed  outward,  he  could  raise  the  arm  conveniently 
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to  the  head.  On  the  elevation  of  the  arm,  the  inner  border 
of  the  scapula  was  removed  so  far  from  the  spine,  that  the 
fist  could  easily  be  laid  between  the  wall  of  the  thorax  and 
the  inner  surface  of  the  scapula.  When  the  right  arm  was 
thus  raised  to  the  head,  the  dentiform  appendages  of  the 
M.  serratus  anticus  major  of  the  right  side  disappeared, 
while  those  on  the  left  side,  when  a  like  position  of  the  left 
arm  was  assumed,  could  be  distinctly  marked.  "When  the 
shoulders  were  moved  forward  and  downward,  the  Mm. 
rhomboidei  dextri  were  much  strained,  and  the  ang.  inferior 
scap.  stood  higher  than  that  of  the  other  side.  When  the 
arm  hung  down,  Sann  experienced  no  pain  in  any  part ;  but 
a  pressure  upon  the  shrunken  muscles  was,  on  the  other 
hand,  painful.  I  first  saw  the  patient  on  February  23d. 
At  that  time  no  considerable  change  in  the  symptoms  had 
appeared,  except  that,  in  consequence  of  the  increased  hyper- 
trophy of  the  superior  part  of  the  trapezius  and  of  the  levator 
ang.  scap.,  Sann  could  raise  the  arm  somewhat  higher.  The 
reaction  of  the  serratus  ant.  mag.  of  the  right  side  was  so 
deficient  that  a  treatment  of  very  long  duration  was  fore- 
seen ;  this  reaction  was  exhibited  both  upon  intra-muscular 
irritation — which  I  excited  by.  placing  one  conductor  in  the 
cavity  occasioned  by  the  paralysis  between  the  thorax  and 
scapula,  the  other  in  tlie  neighborhood  of  the  anterior  inser- 
tions of  the  muscle  in  question,  upon  the  ribs — and  also,  in 
an  especial  degree,  by  extra-muscular  irritation,  which  was 
produced  by  the  application  of  one  conductor  upon  the  ^N". 
thoracicus  longus,  immediately  over  the  exterior  border  of 
the  superior  part  of  the  trapezius,  about  one  inch  from  the 
clavicular,  the  other  upon  the  ribs.  .  !N"ot  only  the  serratus, 
but  also  the  trapezius,  in  its  inferior  part  reacted  with  much 
less  force  on  the  right  side  than  on  the  left.  Thus,  on  May 
2,  1857,  after  forty-eight  sittings,  when  the  patient  stood 
erect,  his  arms  hanging  by  his  side,  the  inferior  angle  of  the 
right  shoulder-blade  stood  out  more  from  the  thorax  than  the 
corresponding  one  of  the  left.     The  region  of  the  interior 
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border  of  the  scapula  was  also  still  prominent ;  tlie  interior 
border  of  tbe  sboulder-blade  was  still  obliquely  inclined, 
though  in  a  less  marked  degree,  from  above  downward  to 
the  left  and  inward ;  finally,  the  rhomboidei  still  displayed 
unusual  tension,  and  the  upper  part  of  the  trapezius  and  the 
levator  anguli  scapulae  were  still  in  a  condition  of  hyper- 
trophy. When  the  arm  was  raised  to  the  height  of  the  shoul- 
der, the  right  scapula  was  still  considerably  removed  from 
the  vertebral  column,  its  inferior  angle  being  four  inches  dis- 
tant, while  the  corresponding  angle  of  the  left  side  was  but 
one  inch  distant.  On  the  other  hand,  the  patient  could 
now,  without  inconvenience  or  pain,  bring  the  extended 
arm  to  the  head;  the  insertions  of  the  M.  serratus  were, 
when  such  movement  was  executed,  marked  with  consider- 
able distinctness ;  the  reaction,  if  not  yet  quite  normal,  was 
still  much  improved.  Sann  now  left  the  hospital  to  resume 
his  work,  while  he  continued  the  treatment  at  my  house ; 
but,  after  the  second  sitting,  an  attack  of  intermittens  ter- 
tiana,  a  malady  which  so  frequently  affects  patients  of  im- 
poverished blood,  interrupted  the  treatment  for  three  weeks. 
After  the  fifty-fourth  sitting — June  6th — the  insertions  of  the 
serratus  were  distinctly  perceptible ;  the  depression  between 
the  spine  and  the  interior  border  of  the  shoulder-blade  was 
much  shallower ;  the  inferior  angle  of  the  scapula  was  more 
closely  applied  to  the  thorax.  After  the  sixty-second  sit- 
ting— July  15th — on  the  elevation  of  the  arm  to  the  height 
of  the  shoulder,  the  inferior  angle  of  the  shoulder-blade  was 
only  two  inches  distant  from  the  spine  ;  the  inferior  part  of 
the  trapezius  was  no  longer  relaxed,  and  the  dorsal  flexure 
of  the  spine  no  longer  visible.  About  the  end  of  August, 
when  the  patient  again  visited  me,  he  could  use  his  arm 
freely  in  his  pursuits.  The  only  remaining  traces  of  the 
disease  still  observable  were  a  scarcely  perceptible  promi- 
nence of  the  insertions  of  the  serratus,  a  slight  hypertrophy 
of  the  upper  part  of  the  trapezius  and  the  levator  ang. 
Bcapuloe,  and,  lastly,  a  somewhat  deficient  electro-muscular 
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contractility  of  the  once-paralyzed  serratus  anticus  major. 
The  deformation  of  the  right  Mm.  rhomboidei  was  scarcely 
perceptible. 

These  deformations  and  hypertrophies,  especially  when 
they  are  combined  in  the  same  case,  frequently  make  certain 
movements  practicable,  which,  on  the  paralysis  of  the  mus- 
cles specially  designed  for  these  movements,  seemed  impos- 
sible. Thus  Sann,  when  the  paralysis  of  the  M.  serrat.  ant. 
was  not  yet  complete,  was  able,  in  consequence  of  the 
hypertrophy  of  the  superior  part  of  the  trapezius  and  the 
levator  ang.  scapulae,  and  of  the  change  in  the  position  of 
tlie  scapula  brought  on  by  the  contraction  of  the  Mm.  rhom- 
boidei, to  raise  the  arm  to  an  angle  of  120  degrees.  Thus, 
by  progressive  exercises  and  by  the  aid  of  electric  excite- 
ment, the  strength  of  the  muscles  undergoing  hypertrophy 
may  be  increased  to  a  point  which  shall  qualify  them  to 
supply  the  place  of  the  paralyzed  ones. 

If  we  had  done  this  in  the  case  above  described,  the  use- 
fulness of  the  arm  would  certainly  have  been  earlier  restored ; 
but  there  would  also  have  infallibly  arisen  a  considerable  cur- 
vature of  the  spine.  Other  cases,  however,  occur,  in  which, 
following  the  bent  of  nature,  the  operator  can  employ  with 
advantage  the  process  of  faradization  upon  the  muscles  un- 
dergoing hypertrophy,  without  fearing  similar  results. 

The  secondary  deformations,  however,  must  be  distin- 
guished from  the  primary  idiopathic  ones,  which  are  some- 
times developed  from  rheumatic  conditions,  but  in  most 
cases  are  of  unknown  origin,  and  the  diagnosis  of  which  may 
be  made  with  confidence  in  view  of  the  unimpaired  motor 
power  and  normal  electric  condition  of  the  antagonist  mus- 
cles. Duchenne  has  made  observations  upon  such  idiopathic 
deformations  of  the  rhomboideus,  trapezius,  perongeus  longus, 
the  diaphragm,  etc.  We  extract  from  his  work  *  tlie  follow- 
ing case : 

Agloee  Prude,  thirteen  years  of  age,  remarked  for  the 

»  Page  880. 
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first  time  in  February,  1849,  a  pain,  produced  by  some  un- 
known cause,  in  the  middle  and  posterior  region  of  the  neck, 
on  the  right  side,  which  was  increased  both  by  pressure  on 
the  spot  and  by  the  inclination  of  the  head  to  the  left.  For 
a  year  and  a  half  no  other  symptom,  except  a  slight  diffi- 
culty in  effecting  certain  movements  of  the  head,  was  per- 
ceived, till  accidentally  in  1852  a  deformity  of  the  shoulder 
was  discovered,  when  the  patient  was  recommended  by  Bou- 
vier  to  Duchenne,  who  gave  the  following  synopsis  of  the 
case :  When  the  arms  hung  down,  the  inferior  angle  of  the 
right  shoulder-blade  was  raised  to  an  almost  equal  height 
with  the  exterior  angle,  and  was  pressed  close  to  the  middle 
line  of  the  vertebral  column.  If  the  inferior  angle  of  the 
shoulder-blade  was  pushed  forcibly  down,  it  immediately 
assimied,  upon  remission  of  the  pressure,  its  former  false 
position,  and,  at  the  same  time,  a  distinct  grating  was  heard 
betw^een  the  shoulder-blade  and  the  thorax.  Over  the  spinal 
border  of  the  shoulder-blade  a  marked  prominence  was  ob- 
served, which  seemed  to  be  formed  by  a  contraction  of  the 
rhomboideus  and  another  such  prominence  on  the  neck,  in 
the  triangular  space  between  the  anterior  border  of  the 
trapezius  and  the  sterno-cleido-mastoideus,  which  was  ap- 
parently formed  by  the  levator  ang.  scap.  The  head  was 
slightly  inclined  to  the  right,  and  could,  not  be  turned  to  the 
left  without  pain.  Deformations  of  the  rhomboideus  and 
of  the  levator  ang.  scap.  were  undoubtedly  present,  and  the 
question  thus  arose  whether  the  primary  cause  of  these  defor- 
mations was  a  paralysis  of  the  serratus  magnus.  That  the 
latter  was  not  the  case  could  be  inferred  from  this ;  that,  w^hen 
the  patient  extended  the  arms  to  the  front,  the  shoulder-blade 
assumed  a  normal  position,  whereas,  in  the  case  of  the  pri- 
mary paralysis  of  the  M.  serratus,  it  is  by  the  anterior  exten- 
sion of  the  arms  that  this  deformation  is  first  clearly  distin- 
guished. Duchenne,  however,  by  the  faradization  of  the 
serratus  anticus  major  with  a  quick,  strong,  painful  current, 
overcame  these  muscular  deformations,  though  they  were  of 
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two  years'  standing,  in  three  sittings,  notwithstanding  he 
had  previously  applied,  for  the  space  of  a  month,  a  constant, 
rarely-interrupted  current,  without  the  least  effect. 

Under  the  head  of  muscular  paralysis  we  have  still  to  in- 
clude two  forms  of  disease  to  which  the  substance  of  the 
muscle  is  subject,  which  are  characterized  by  a  very  peculiar 
electric  condition.  These  are :  A.  Paralysis  from  the  poison- 
ous effects  of  lead,  a  form  of  the  disease  which,  in  whatever 
way  this  mineral  may  attain  to  an  oxidized  molecular  con- 
dition in  the  blood,  always  affects  definite  muscles  in  a  defi- 
nite manner :  B.  Progressive  muscular  atrophy,  which  prob- 
ably depends  upon  an  affection  of  the  sympathetic  nerve. 

A.  Paralysis  from  the  Poisonous  Action  of  Lead. 

In  the  form  of  paralysis  which  is  induced  by  the  poison- 
ous action  of  lead,  the  muscles  attacked  suffer  in  their  elec- 
tro-muscular contractility  and  sensibility ;  the  first  is  con- 
siderably lowered,  or  often  entirely  removed,  while  the  last 
is  only  a  little  weakened.  The  extensor  muscles  are  always 
and  in  a  preeminent  degree  the  sufferers ;  in  general,  how- 
ever, only  those  of  the  superior  extremities,  seldom  those  of 
the  lower  extremities  in  addition,  and  very  rarely  the  latter 
alone.  Of  the  extensor  muscles,  the  extensor  digit,  comm.  is 
the  most  liable  to  a  modification  of  its  electric  condition, 
either  in  all  or  in  isolated  fascicles ;  the  triceps  and  the  del- 
toideus  are  the  least  liable  to  such  modification,  though  in 
rare  cases  the  deltoideus  is  the  first  and  greatest  sufferer. 
The  supinators  always  retain  their  electro-muscular  contrac- 
tility in  its  normal  degree,  even  when  they  have  suffered  in 
their  motor  power.  Only  those  muscles,  whose  electro-mus- 
cular contractility  has  been  affected,  lapse  into  a  condition 
of  atrophy,  and  these  resist  for  the  longest  time  the  amelio- 
rating influence  of  the  electric  treatment.  The  M.  interos- 
seus  ext.  prim,  sometimes  offers  an  apparent  exception,  since 
it  may  exhibit  a  condition  of  atrophy,  without  a  loss  of  con- 
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tractility ;  but  in  this  case  the  atrophy  is  one  produced  not 
by  the  poisonous  action  of  lead,  but  by  mechanical  causes, 
such  as,  with  house-painters,  the  pressure  of  the  brush.  In 
general  those  muscles  seem  to  suifer  most  which  are  strained 
the  most  by  the  patient,  or  which  either  naturally  or  in  con- 
sequence of  preceding  maladies  are  the  least  capable  of  re- 
sistance. Thus,  for  example,  the  muscles  of  the  left  arm 
less  commonly  suffer  than  those  of  the  right,  and  among 
house-painters  the  thumb  and  middle-finger,  with  which  they 
usually  hold  the  brush,  suffer  in  a  higher  degree  than  the 
remaining  fingers.  I  had,  however,  occasion  to  treat  a  house- 
painter  who  was  left-handed,  and  in  whose  case  consequently 
the  extensors  of  the  left  side  were  paralyzed  the  most ;  and 
again,  another  of  the  same  craft  who,  in  consequence  of 
being  hump-backed,  was  subject  to  a  weakness  of  the  lower 
extremities,  by  reason  of  which  the  paralysis  had  especially 
attacked  the  Mm.  peronsei,  the  extensores  digit,  ped.  long, 
and  the  extensores  hallucium  prop. 

Case  39. — Wilhelm  Sclmltze,  a  house-painter,  was  seized, 
December,  1852,  with  an  exceedingly  violent  painter's-colic, 
united  with  a  constipation  of  three  weeks'  duration.  At 
the  same  time  a  violent  trembling  was  felt  in  both  arms, 
especially  in  the  right,  accompanied  with  paralysis  of  the 
right  forearm.  When  the  patient  applied  to  me.  May  2, 
1853,  for  a  trial  of  electric  treatment,  the  M.  extensor  digi- 
torum  communis,  especially  that  belly  of  the  muscle  ex- 
tending to  the  middle-finger,  and  the  M.  extensor  polKcis 
longus,  the  extensor  carpi  radialis  and  ulnaris,  the  M.  abduc- 
tor pollicis  longus,  etc.,  of  the  right  side,  were  paralyzed, 
while  the  affection  of  the  left  arm  was  limited  to  a  feeling  of 
weakness  and  trembling,  in  connection  with  a  normal  motor 
power  in  all  the  muscles.  The  electro-muscular  contractil- 
ity was  lowered,  in  different  degrees,  in  the  several  paralyzed 
muscles,  most  conspicuously  in  the  M.  extensor  digitorum  and 
extensor  pollicis  longus  ;  the  lateral  movements  of  the  hand 
were  not  impeded  to  an  equal  degree.    The  electro-muscular 
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sensibility  of  the  M.  extensor  digitorum  communis  and 
poUicis  longus  had  suffered,  though  not  to  a  corresponding 
extent.  The  application  of  an  electric  current  of  moderate 
force  to  the  left  arm  gave  rise  to  such  quick,  violent  tensions, 
not  only  of  the  affected  extensors,  but  also  of  the  abductors 
and  adductors  of  the  hand,  that  the  fingers  were  bowed  over 
the  hand.  The  irritation  of  the  left  extensor  carpi  radialis  or 
ulnaris  drew  the  hand  to  a  position  nearer  the  radius  or  the 
ulna  than  the  patient  could  bring  it  by  the  simple  force  of 
will.  The  sensation  accompanying  the  contraction  was  so 
intense  that  the  patient  was  disinclined  to  a  repetition  of  the 
experiment.  The  Mm.  supinator,  deltoideus,  and  triceps, 
both  of  the  paralyzed  and  unparalyzed  side,  remained  always 
constant  and  normal.  The  cure  was  completed  in  about  six 
weeks. 

Case  40. — ^Yon  S.,  a  chamberlain,  from  Giessen,  a 
healthy  but  somewhat  sallow-looking  man  of  fifty  years,  was 
attacked  with  a  paralysis  of  the  right  hand,  which  had  been 
coming  on  for  three  weeks,  and  which,  on  his  first  visit  to' 
me — March  12,  1857 — was  so  far  developed  that  the  exten- 
sion of  the  three  middle  fingers  was  absolutely  impossible 
and  the  elevation  of  the  wrist  difficult.  The  thumb  could 
be  extended  and  abducted,  and  the  arm  was  capable  of  pro- 
nation and  supination  ;  muscular  atrophy  was  not  exhibited. 
The  electro-muscular  contractility  was  depressed  in  the  ex- 
tensor digit,  comm.  and  the  extensor  indicis  propr.,  and, 
though  to  a  less  degree,  in  the  extensor  carpi  rad.  and  uln. ; 
in  the  other  extensors  and  in  the  supinators  it  remained 
normal.  Metacarpal  intromescences  were  not  exhibited. 
The  patient  had  never  had  colics,  but  had  frequently  suffered 
from  constipation.  The  only  cause  of  the  paralysis  was  the 
use,  for  the  preceding  twelve  years,  of  snuff  which  had  been 
packed  and  preserved  in  lead.  A  favorable  prognosis,  based 
upon  the  short  duration  of  the  patient's  suffering,  and  the 
participation  of  but  few:  muscles,  was  confirmed  by  the  course 
of  the  cure. 
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Case  41. — Miss  Pauline  L.,  apparently  in  her  thirtietli 
year,  formerly  an  actress,  a  woman  of  pale-yellow  com- 
plexion, had  suffered  for  many  years  with  constipation, 
which,  however,  could  be  easily  overcome  by  simple  reme- 
dies. During  a  few  months  past  she  had  frequently  felt 
drawing  pains  in  both  shoulders  and  arms,  accompanied, 
within  the  three  preceding  months,  by  a  gradually- increas- 
ing paralysis  of  both  hands,  which  finally  rendered  the 
elevation  and  extension  of  them  impossible.  The  Geh. 
Kath  Koner  immediately  perceived  that  the  paralysis  was 
one  resulting  from  the  poisonous  effects  of  lead,  and  he 
ascribed  its  origin  to  the  considerable  proportion  of  lead 
found  in  the  paint  which  the  patient  was  accustomed  ev- 
ery evening  to  apply  to  her  neck.  I  saw  the  patient  for 
the  first  time,  March  17,  1856,  and  observed  the  following 
details :  A  prominence  of  the  metacarpal  bones  of  both 
hands  ;  inability  to  elevate  the  wrist,  especially  of  the  right 
side  ;  abduction,  especially  of  the  right  thumb,  impossible ; 
the  fingers,  particularly  the  third  and  fourth,  hanging  re- 
laxed and  capable  of  only  slight  voluntary  distention,  though 
easily  brought  into  contact ;  the  supinators  of  both  sides 
perfectly  free  in  their  action.  The  electro-muscular  con- 
tractility was  not  entirely  extinct  in  any  muscle  ;  the  reac- 
tion was  feeblest  in  the  Mm.  extensores  carpi  radiales,  the 
abductor  poUicis  longus  and  extensor  indicis  of  the  right 
side,  and  in  the  extensor  digit,  comm.  of  the  left  side ;  the 
left  extensor  carpi  radialis,  both  extensores  carpi  ulnares, 
the  left  abductor  pollicis  longus,  and  the  extensors  of  the 
thumb  had  suffered  less.  The  interossei  ext.  and  the  supi- 
nators exhibited  throughout  a  normal  electric  condition.* 

^  [Two  cases  of  lead  paralysis,  induced  by  the  use  of  the  cosmetic  known  as 
"  Laird's  Bloom  of  Youth,"  have  recently  come  under  my  observation.  One 
of  these  occurred  in  the  person  of  a  young  lady  whom  I  saw  in  consultation 
with  my  friend.  Prof.  Lewis  A.  Sayre ;  the  other  is  that  of  a  young  married 
lady,  whom  I  am  now  treating  successfully  with  the  direct  and  induced  cur- 
rents. In  the  latter  case,  all  the  extensors  of  both  wrists  and  fingers  and  the 
interossei  muscles  were  more  or  less  aflfected.     At  the  present  date  (March  24, 
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Often,  for  a  long  time  after  the  paralyzed  muscles  have 
been  restored  to  free,  unrestricted  activity,  their  electro- 
muscular  contractility  remains  depressed.  Thus,  in  the 
case  of  a  house-painter  who  had  been  treated  two  years 
earlier  for  a  paralysis  arising  from  the  poisonous  action 
of  lead,  and  who  since  then  had  not  suffered  a  renewed 
attack,  I  found,  in  conjunction  with  an  unimpaired  motor 
power  in  the  muscles  formerly  affected,  a  continued  defi- 
ciency of  irritability  in  the  M.  extensor  digit,  communis. 
This  could  not  have  been  a  symptom  of  an  approaching 
attack  of  the  same  nature,  for  the  patient  during  these  two 
years  had  worked  with  white  zinc  in  place  of  white  lead. 
In  the  instance,  also,  of  the  patient  whose  case  is  described 
on  page  181,  and  who  since  his  recovery  has  abstained  from 
the  use  of  snuff,  a  depression  of  the  electro-muscular  con- 
tractility of  the  paralyzed  muscles  was  exhibited  for  a  long 
time. 

Cases  frequently  occur  of  a  paralysis  of  the  extensors  of 
the  hand,  accompanied  with  all  the  indications  of  a  paralysis 
from  poisoning  by  lead — as  the  integrity  of  the  supinators, 
the  prominence  of  the  metacarpal  bones,  the  slate-colored 
borders  of  the  teeth,  antecedent  colics,  and  the  peculiar  elec- 
tric condition  of  the  muscles  affected — and  which,  moreover, 
are  cured  by  treatment  with  sulphur  baths  and  faradization, 
but  which,  as  regards  their  cause,  remain  wrapped  in  ob- 
scurity— an  obscurity  which  all  the  efforts  that  have  been 
put  forth  in  the  interest  of  practical  medicine,  with  the 
view,  namely,  of  preventing  relapses,  have  not  been  able  to 
clear  up. 

Case  42. — Carl  Hennig,  forty  years  old,  an  operator  in 
the  machine-works  at  Borsig,  in  which,  however,  he  was  not 

1869)  the  patient  has  been  under  treatment  for  about  three  months,  and  has 
almost  entirely  regained  the  use  of  the  paralyzed  muscles.  In  this  case,  the 
induced  current  at  first  failed  to  produce  the  slightest  contraction  of  the  pa- 
ralyzed muscles.  The  direct  current  acted  from  the  first.  It  is  in  such  cases 
that  the  latter  is  especially  necessary. — W.  A.  H.] 
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employed  as  a  worker  in  lead,  nor  was  brought  in  contact 
with  the  vapors  of  lead,  had  been  attacked  once  or  twice 
every  year,  for  the  last  ten  years,  with  colic,  and,  in  the 
course  of  the  last  one  or  two  years,  had  frequently  expe- 
rienced, especially  while  playing  at  cards,  a  cramp  in  the 
third  and  fourth  fingers  of  either  hand.  From  the  end  of  ]N"o- 
vember,  1866,  he  had  been  suffering  with  a  paralysis  of  the 
extensors  of  both  hands,  which  resisted  the  various  remedies 
applied,  among  which  were,  in  particular,  hypodermic  in- 
jections. Dr.  Fraenkel,  who  at  once  recognized  the  case  as 
a  paralysis  induced  by  the  poisonous  action  of  lead,  having 
introduced  the  patient  to  me,  I  made,  February  15,  1867, 
the  following  observations  of  the  patient's  condition  :  Hen- 
nig  could  neither  elevate  the  wrist  nor  extend  the  fingers ; 
but  supination  was  on  both  sides  unrestricted.  The  sensi- 
bility of  the  skin  was  dull,  the  forearm  was  fiabby,  the  mus- 
cles of  the  hand  lax.  The  electro-muscular  contractility 
was  much  depressed  in  all  the  extensors  of  the  fingers,  espe- 
cially the  Mm.  extensores  digit,  comm.,  and  also  in  the  right 
M.  extensor  carp.  rad.  and  in  the  left  M.  extensor  poll.  long. 
The  supinators  of  both  sides  reacted  with  normal  power. 
The  metacarpal  bones  of  both  hands  were  very  prominent. 
The  teeth  were  surrounded  with  a  slate-colored  border,  more 
than  a  line  broad.  These  symptoms  indicated  the  necessity 
of  a  protracted  treatment,  and,  in  fact,  in  addition  to  the 
continuous  employment  of  sulphur-baths,  ninety  applica- 
tions of  the  electric  current  were  necessary  in  order  to  ren- 
der the  patient  again  fit  for  work,  which  was  not  effected 
till  the  middle  of  June  of  the  same  year.  The  only  cause 
which  could  be  discovered  in  this  case  as  possibly  occasion- 
ing the  disease,  was  the  residence  of  the  patient  immediately 
over  a  type-foundry,  a  residence  which  lasted  for  two  years, 
but  was  discontinued  soon  before  the  first  attack  of  colic. 
Whether  it  is  possible  that  the  colics  which  were  repeated 
every  year  since  that  time,  as  well  as  the  subsequent  pa- 
ralyses, were  induced  by  the  residence  of  the  patient  ten 
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years  previously  in-  an  atmosphere  impregnated  with  lead, 
I  must  leave  undecided. 


B,  Progressive  Muscular  Atrophy. 

Under  the  name  of  "  Atrophie  Museulaire  Progressive  " 
Aran  ^  has  described  a  disease,  the  characteristic  sign  of  which 
consists  in  a  disturbance  in  the  nutrition  of  particular  mus- 
cles or  muscular  groups,  or  of  the  entire  muscular  system, 
advancing  at  equal  pace  with  a  disturbance  of  the  functional 
action  of  the  affected  parts.  This  form  of  disease  was,  how- 
ever, not  unknown  to  earlier  writers ;  Charles  Bell,  Aber- 
crombie,  Romberg,  and  others  had  already  described  cases 
of  this  kind.  Duchenne  has  sought  to  make  the  electric 
condition  of  the  affected  muscles  available  in  the  diagnosis 
and  prognosis  of  the  disease. 

The  affection  generally  begins  with  an  emaciation  of  the 
M.  interosseus  primus  of  one  hand,  a  feeling  of  fatigue  and 
weakness  in  the  arm ;  in  frequent  cases  with  pains  in  the 
back  of  the  neck.  The  emaciation  proceeds  from  the  M. 
interosseus  primus  to  the  muscles  of  the  hand  and  forearm, 
under  certain  circumstances  to  the  muscles  of  the  shoulder 
and  the  breast,  the  buttocks,  or  to  the  one  or  the  other  lower 
extremity ;  finally,  it  attacks  the  muscles  of  the  tongue,  the 
diaphragm,  and  the  throat,  and  the  patient,  emaciated  to  a 
skeleton,  sinks  under  bronchitis,  or  other  pulmonary  disease. 
Progressive  muscular  atrophy  does  not,  however,  always 
attack  the  upper  extremities  first ;  sometimes  it  begins  with 
the  muscles  of  the  trunk,  or  of  the  nape,  or  other  part  of 
the  neck,  etc.  The  disease  often  develops  only  to  a  certain 
degree  in  the  parts  primarily  affected,  and  then  remains 
stationary  for  many  years ;  thus,  for  example,  it  may  be 
seated  for  a  long  time  in  the  forearm,  and  suddenly,  without 
apparently  any  method  of  development,  leap  to  the  muscles 
of  the  upper  part  of  the  arm,  or  those  of  the  trunk,  and  de- 

^  Archives  G6n.  de  M6d.,  1850,  p.  5,  etseq. 
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stroy  them.  Of  tlie  muscles  of  the  arm  the  deltoideus  and 
the  biceps  suffer  most  frequently,  the  triceps  least  frequently. 
To  the  gradually  progressing  emaciation  correspond  dis- 
turbances in  the  motor  power  of  the  muscles.  The  feeling 
of  fatigue  and  weakness  is  followed  by  a  certain  clumsiness 
in  the  movements  of  the  parts  attacked,  which  gradually  be- 
come less  and  less  capable  of  action,  till  finally  the  patient 
is  left  utterly  helpless.  The  peculiar  muscular  decay  which 
characterizes  this  disease  never  follows  some  one  nervous 
cord,  but  leaps,  and  with  apparently  regular  advances,  from 
the  domain  of  one  nerve  to  that  of  another,  and  is  thus  dis- 
tinguished from  the  muscular  decay  caused  by  neuritis,  with 
which  it  is  often  confounded,  but  which  is  confined  strictly 
to  the  realm  of  the  diseased  nerve.  In  the  majority  of  cases, 
fibrinous  convulsions  are  added,  which,  at  times,  especially 
after  unusual  agitation  or  exertion,  or  when  the  muscles 
have  been  exposed  to  a  draught,  come  on  with  increased 
force ;  these  are  frequently  the  first  sign  of  a  diseased  con- 
dition on  the  part  of  muscles  apparently  perfectly  sound. 
Throughout  all  these  disturbances  in  muscular  function,  the 
sensibility  of  the  skin  and  the  muscles,  under  touch,  pres- 
sure, or  pricking,  seems  in  most  cases  to  remain  normal, 
though  in  many  anaesthesia  is  present ;  on  the  other  hand, 
in  the  more  advanced  stage  of  the  disease,  the  patients  fre- 
quently complain  of  tearing  pains,  which  at  times  have  their 
seat  in  the  joints,  at  times  follow  the  path  of  certain  nerves, 
at  times  are  diffused.  There  also  occasionally  occur  in  the 
later  stages  certain  swellings  of  the  joints,  such  as  have  been 
described  by  Remak,  Benedikt,  and  M.  Eosenthal.  In  all 
cases,  however,  the  temperature  of  the  extremities  attacked 
falls  with  the  progress  of  the  disease ;  the  subjective  sensa- 
tion of  chilliness  is  followed  by  excessive  sensibility  to  the 
cold,  and,  finally,  by  a  reduction  of  bodily  heat  objectively 
appreciable  by  the  touch,  and  by  thermometrical  measure- 
ments. Feverish  effects  are  always  absent,  unless  occasioned 
by  the  addition  of  other  acute  diseases. 
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As  regards  the  electric  condition  of  the  muscles  affected, 
as  exhibited  under  the  induction  current,  the  electro-muscu- 
lar contractility  remains  in  general  undisturbed,  so  long  as 
there  is  any  normal  muscular  tissue  left ;  the  energy  of 
movement,  however,  which  is  excited  by  muscular  contrac- 
tion, diminishes  with  the  mass  of  the  muscle ;  but  not  until 
the  substance  of  the  muscle  is  altogether  gone,  does  the  elec- 
tro-muscular contractility  become  extinct.  We  often  find 
various  parts  of  the  same  muscle  electrically  irritable  in  dif- 
ferent degrees.  The  electro-muscular  sensibility  decreases 
as  the  atrophy  increases.  In  special  cases,  particularly  in 
the  outset  of  the  disease,  the  sensibility  of  the  nerves  is 
heightened,  and,  in  consequence  of  this,  diplegic  and  centrip- 
etal reflex  contractions  occur  whenever  the  intermittent 
current  is  applied,  and  with  still  more  force  upon  application 
of  the  constant  chrrent.  In  the  further  course  of  the  disease, 
irritability  is  still  manifested  near  the  central  nervous  paths, 
when  in  the  more  peripheric  nervous  branches  and  muscles 
it  is  extinct. 

The  electric  condition  of  the  muscles,  as  here  described, 
corresponds  to  the  pathological  changes  which  we  perceive 
in  the  muscles.  By  the  side  of  perfectly  sound  muscles  we 
find  others  which  are  in  various  stages  of  disease ;  and  again, 
in  the  same  muscle,  we  find,  by  the  side  of  healthy  fascicles, 
others  which  are  included  in  the  approaches  of  the  disease. 
In  this  case  microscopic  examination  exhibits,  in  the  affected 
muscles,  fibres,  which  are  normal  in  texture  and  size ;  others, 
in  which  the  transverse  striae  are  indistinct,  broken,  and 
here  and  there  entirely  gone,  while  the  longitudinal  striae 
appear  prominent ;  others,  in  which  only  longitudinal  striae 
are  present,  the  transverse  ones  being  no  longer  visible,  and 
in  which  fat,  in  the  form  of  round  or  oval  cells  or  globules, 
is  deposited  ;  and  lastly,  bundles  of  fibres,  which  have 
relapsed  into  an  amorphous  mass.  To  the  different  stages  of 
fatty  degeneration  correspond  the  various  colors  of  the  fibrous 
fascicles,  namely,  red,  pale  red,  yellowish  red,  and  yellow. 

19 
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The  changes  in  the  muscles,  which  we  have  just  described, 
are  found,  according  to  the  common  testimony  of  all  authors, 
in  all  cases  of  true  progressive  muscular  atrophy.  Cruveil- 
hier,  however,  in  one  case,  reported  in  the  "  Arch.  Gen.  de 
Med.,"  1853,  discovered,  in  addition  to  these  changes  in  the 
muscles,  a  very  considerable  atrophy  of  the  anterior  nervous 
roots  of  the  medulla  spinalis,  and  on  this  account,  regarding 
the  affection  of  the  nervous  roots  as  primary,  that  of  the 
muscles  as  secondary,  felt  justified  in  designating  the  disease 
a  "  paralyse."  The  result  of  this  dissection  was  accepted  as 
a  finality,  until  Yalentiner  ^  published  a  second  case,  in  which 
he  discovered  the  same  atrophy  of  the  anterior  nervous 
roots  of  the  spinal  cord,  but,  in  addition,  a  very  considera- 
ble number  (about  one  hundred)  of  small,  white,  hard  gran- 
ules, from  the  size  of  a  pin-head  to  that  of  a  lentil,  embed- 
ded in  the  tissue  of  the  arachnoidea  of  the  medulla  spinalis, 
and  also  a  central  softening  of  the  lower  cervical  and  upper 
dorsal  portions  of  the  medulla,  together  with  an  acciimula- 
tion  of  granulated  cells.  Leubascher  and  Froniman '  also 
found,  in  addition  to  a  red  softening  of  the  anterior  and 
lateral  columns  of  the  medulla  oblongata,  a  transformation 
of  the  anterior  and  lateral  columns  of  the  medulla  spinalis 
into  a  dark-white,  formless  substance,  in  which  no  whole 
nervous  fibres  could  be  distinguished,  while  in  the  nervous 
roots  themselves  no  special  attenuation  of  the  anterior  roots 
was  perceptible. 

Similar  discoveries  were  made  public  at  a  later  date  by 
Luys,  Reade,  Touvenet,  and  others.  On  the  other  hand, 
Oppenheimer,  Hasse,  Friedberg,  and  Meryon,  who,  in  numer- 
ous cases  of  progressive  muscular  atrophy  of  the  most  pro- 
nounced character,  directed  very  careful  examination  upon 
these  points,  were  unable  to  discover,  either  in  the  central 
organs  or  in  the  cerebral  or  spinal  nervous  centres,  or  in 
the  peripheric  branches,  any  departures  from  the  normal  con- 
dition ;  while  Yirchow  and  Friedreich  found,  associated  with 

1  Prager  Vierteljahrsschrift,  1S55.  ^  Deutsche  Klinik,  1857. 
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a  soundness  of  the  anterior  roots,  a  gray  degeneration  of  the 
posterior  cords.  Friedreich  ^  thought  he  was  able  to  show  in 
the  single  case  which  he  personally  examined  that  "  the 
diseased  action  going  on  in  the  muscles  was  carried  forth 
by  the  nervous  branches  and  roots  distributed  to  those  mus- 
cles, and  thus  finally  excited  in  the  posterior  cords  certain 
processes  of  degeneration. 

After  an  unprejudiced  examination  of  the  facts  adduced, 
it  seems  to  be  undoubtedly,  the  case  that  the  disease  gradu- 
ally advances  from  the  muscles  to  the  nerves  and  the  spinal 
cord.  In  favor  of  this  view  are  the  following  points :  1.  In 
no  one  case  which  has  fallen  under  dissection  have  the. ana- 
tomical changes  in  the  muscular  fibres  been  absent.  2.  The 
most  skilful  dissection  and  examination,  of  the  bodies  of  per- 
sons who  died  of  this  disease,  have  developed  no  change  in 
the  anterior  nervous  roots  or  in  any  central  organ.  S.  The 
case  reported  by  Friedreich,  in  which  the  progress  of  the 
disease  was  traced  from  the  periphery  to  the  centre.  4.  The 
various  stages  in  the  diseased  condition  of  the  muscles,  found 
sometimes  side  by  side,  in  the  several  fascicles  of  the  same 
muscle.  5.  The  electric  condition  of  the  muscles  and  nerves, 
as  well  under  the  intermittent  as  under  the  constant  current 
— under  the  former,  the  preservation  of  electro-muscular 
contractility,  so  far  as  normal  muscular  substance  remains — 
under  the  latter,  the  preservation  of  nervous  irritability  in 
the  more  central  nervous  paths,  in  connection  with  a  con- 
temporaneous loss  of  irritability  in  the  peripheric  nervous 
oifshoots  and  muscles  ;  while,  if  the  progress  of  the  disease 
was  from  the  central  nervous  parts  through  the  nerves  to 
the  muscles,  a  reversed  relation  would  hold  good. 

On  the  other  hand,  the  afiection  of  the  muscular  sub- 
stance itself  seems  to  be  the  result  of  a  disease  of  the  sympa- 
thetic nerve.  In  favor  of  this  view  are,  among  others,  the 
considerations  adduced  on  page  252 ;  but  it  cannot  as  yet, 

^Ueber  degenerative  atrophie  der  spinalen  Hinterstrange.     Virchow's  Ar- 
chiv,  Band  xxx.  und  xxiv. 
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of  course,  be  supported  by  any  anatomical  proof,  unless  we 
regard  as  sucli  the  isolated  case,  published  by  Sclmeevogt,  in 
which  was  exhibited  a  fatty  degeneration  of  the  sympathetic 
nerve/ 

While,  however,  in  respect  to  the  etiology  of  the  disease, 
we  know  but  little,  certain  it  is  that  rheumatic  affections, 
colds,  long-continued  and  excessive  exertion  of  particular 
muscles,  and,  above  all,  hereditary  predisposition,  exercise 
an  important  influence  upon  its  origination.  As  regards  the 
value  of  the  last  of  these  influences,  Duchenne  mentions  an 
instance  of  four  members  of  the  same  family  suffering  with 
this  disease ;  Meryon  gives  a  similar  instance,  and  Oppen- 
heimer  instances  a  family  in  which  three  members  suffered 
in  like  manner.  Ordinarily  this  disease,  like  hsemophilia, 
is  implanted  only  in  the  male  issue.  Friedberg  describes  a 
case  in  which  both  mother  and  daughter  fell  a  sacrifice  to  it. 

Case  43. — Moses  Jedwabnitzki,  a  teacher  from  Poland, 
31  years  old,  was  seized  four  years  ago,  after  an  obstinate 
intermitting  fever,  with  trembling  and  weakness  of  the  left 
arm,  accompanied  with  an  emaciation  of  the  affected  mem- 
ber. The  emaciation,  beginning  at  the  shoulder,  advanced 
rapidly  over  the  upper  arm,,  the  forearm,  and  the  hand,  and  at 
the  same  time  the  weakness  increased  to  a  degree  of  com- 
plete paralysis.  For  the  past  year  and  a  half  the  shoulder 
and  upper  part  of  the  right  arm  had  also  been  growing 
emaciate,  and,  at  a  corresponding  rate,  paralytic.  Dur- 
ing the  last  three  months,  the  left  Mm.  glutsei  had  been 
settling  into  a  condition  of  atrophy.  The  temperature  of 
the  left  arm  was  considerably  depressed.  The  general 
health  was  undisturbed.  Appetite  and  sleep  good  ;  the  lat- 
ter, however,  sometimes  interrupted  by  tearing  pains  in  the 
loins  and  extremities.  The  pulse  in  both  arms  equally 
strong.  Fecal  and  urinary  discharges  were  regular  and 
easy.  The  urine  had  a  weak  acid  reaction ;  it  was  bright 
and  clear.     A  more  careful  examination  exhibited  a  com- 

'  Nederlandsch  Lancet,  1854. 
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plete  atrophy  of  all  the  muscles  of  the  left  arm  from  the 
shoiilcler-blade,  of  which  the  fossae  supra  spinatse  et  infra 
spinatse  formed  cavities  an  inch  deep,  down  to  the  hand, 
between  the  metacarpal  bones  of  which,  deep  furrows  were 
visible ;  the  hand  was  bent  to  the  forearm ;  opening  of  the 
fingers  and  extension  of  the  forearm  were  impossible.  The 
entire  extremity  could  be  thrown  upward,  and  could  be 
poised  upon  the  acromion,  but  a  slow  elevation  of  it  was 
impossible.  On  the  right  arm  there  was  apparent  a  consid- 
erable atrophy  of  the  M.  deltoideus^  and,  though  to  a  some- 
what less  degree,  of  the  M.  triceps  and  biceps ;  the  forearm 
and  hand  were  still  tolerably  muscular ;  accordingly,  the  en- 
tire arm  could  not  be  elevated,  but  the  forearm  could  be  ad- 
ducted  and  abducted  with  some  force,  while  the  movements 
of  the  right  hand  were  accomplished  with  freedom.  The 
left  leg  displayed  nothing  abnormal  except  a  noticeable  ema- 
ciation of  the  M.  glutseus  maximus.  The  muscles  of  the 
right  leg,  as  well  as  those  of  the  entire  trunk  and  of  the 
face,  showed  no  variation  from  the  natural  condition. 
Fibrinous  muscular  contractions  were  observeable  in  various 
muscles  of  the  trunk.  "When  the  degenerated  muscles  of 
the  left  arm  were  subjected  to  an  electric  current,  no  con- 
tractions arose,  weak  muscular  twitchings  were  all  that  were 
perceptible ;  on  the  other  hand,  upon  the  irritation  of  the 
IST.  radialis,  evident  extensor  movements  followed.  Upon 
the  electric  irritation  of  the  muscles  of  the  right  arm,  the 
contractions  were  more  or  less  energetic,  according  to  the 
more  or  less  advanced  stage  of  atrophy.  The  muscles  of  the 
right  forearm,  the  right  hand,  both  legs,  etc.,  displayed  a 
normal  degree  of  electro-muscular  contractility  and  sensibil- 
ity. When,  September  12, 1853, 1  again  saw  the  patient,  an 
interval  of  five  months  having  intervened,  which  time  he 
had  spent  partly  in  the  Jewish  Hospital  of  this  place,  partly 
at  the  baths  of  Gastein,  he  was  complaining  already  of  a 
feeling  of  weakness  in  the  right  leg ;  the  emaciation  of  the 
right  forearm  had  considerably  progressed. 
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M.  Eosenthal  in  his  work,  "  Die  Electrotherapie ;  ilire 
Begriindiing  nnd  Anwendung  in  der  Medicin,"  Wien,  1865, 
reports  on  page  165  the  following  case,  which  we  reproduce 
as  embodying  the  characteristic  traits  of  the  hypersesthetic 
form  of  this  disease : 

Katharina  Gurda,  twenty-four  years  of  age,  experienced 
in  the  spring  of  1863,  while  at  work  in  the  field,  a  relaxation 
of  thb  muscles  of  the  left  hand,  in  consequence  of  which,  the 
objects  grasped  by  it  were  apt  to  slip  from  their  hold.  Four 
or  five  weeks  later,  the  fingers  of  this  hand  began  gradually 
to  bend  inward ;  after  several  months,  tearing  pains  broke 
out  in  the  arm,  a  drawing  cramp  in  the  left  shoulder,  and 
frequent  twitchings  in  the  hand  and  fingers,  which  were 
never  free  from  a  disagreeable  feeling  of  coldness.  When 
Eosenthal  undertook  the  treatment  of  the  patient,  who  had 
been  during  three  months  subjected  to  faradization,  her 
condition,  now  that  her  sufferings  had  lasted  a  year  and  a 
quarter,  was  as  follows :  The  left  hand,  which  had  become 
blue  as  with  cold,  was  utterly  unfit  for  use,  the  thumb  could 
neither  be  adducted  nor  brought  into  opposition,  but  lay  in 
the  hollow  of  the  hand  against  the  fingers,  the  phalanges  of 
which  were  adducted;  the  elevation  of  the  arm  at  the 
shoulder  was  restricted ;  the  exterior  angle  of  the  shoulder- 
blade  was  sunken,  the  inferior  raised  and  drawn  toward  the 
median  line ;  upon  the  posterior  side  of  the  shoulder-blade 
fibrinous  twitchings  were  perceptible.  When  the  skin,  in 
the  neighborhood  of  the  left  interior  angle  of  the  shoulder- 
blade,  was  touched,  energetic  repulsive  movements  were 
aroused;  when  a  pressure  was  brought  to  bear  upon  the 
left  M.  pectoralis,  which  was  in  a  condition  of  tension,  re- 
flex extension  of  the  arm  followed;  a  pressure  upon  the 
dorsal  vertebrae  from  the  third  to  the  fifth  produced  exten- 
sion of  the  left  arm  and  a  sense  of  pain — all  of  which  are 
signs  of  the  hypersesthesia  of  the  nerves  of  tlie  skin  and 
muscles.  The  faradization  of  the  thumb  and  the  ball  of  the 
little  finger,  and  the  irritation  of  the  Mm.  interossei  remained, 
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without  effect ;  tlie  irritation  of  tlie  extensor  digit,  comm. 
led  at  once  to  a  cramping  in  the  flexors ;  the  application 
of  both  poles  to  the  more  central  parts  of  the  deltoideus 
effected,  in  quick  succession,  the  extension  of  the  hand,  the 
extension  of  the  arm,  and  the  elevation  of  the  latter  to  the 
head.  In  the  left  lower  extremity,  which,  when  the  patient 
walked,  showed  a  degree  of  weakness  and  dragged  somewhat, 
there  were  also  plain  indications  of  cutaneous  hyperaesthe- 
sia,  for  example,  on  the  inner  side  of  the  upper  part  of 
the  calf;  there  were  also  in  this  extremity  evidences  of 
increased  reflex  irritability,  as  shown  by  the  faradization 
of  the  tibialis  ant.  or  the  extensor  digit  comm.  (which  caused 
flexion  and  extension  of  the  ankle).  The  electric  condi- 
tion of  the  right  lower  extremity  was  normal.  On  the  pas- 
sage of  a  galvanic  spinal-nerve  current  of  fifteen  elements 
through  the  left  medianus,  the  arm  turned  outward  so  that 
the  palm  of  the  hand  faced  upward ;  on  the  galvanization  of 
the  left  radialis,  the  arm  trembled  for  a  moment  between 
flexion  and  extension,  and  at  last  was  elevated  and  placed 
against  the  head.  On  the  galvanic  irritation  of  the  right 
upper  extremity,  which  was  in  a  healthy,  plump  condition, 
similar  indications  of  increased  reflex  irritability  were  ob- 
servable ;  thus,  for  example,  on  the  passage  of  a  spinal- 
nerve-current  through  the  right  trapezius,  centripetal  reflex 
movements  arose  in  the  left  arm,  together  with  the  exten- 
sion of  the  fingers  of  the  left  hand  and  the  elevation  of  the 
extended  arm  above  the  horizontal  line. 


The  prognosis  of  progressive  muscular  atrophy  is  in 
general  unfavorable  and  its  cure  uncertain.  This  is  especial- 
ly true  of  progressive  muscular  atrophy,  properly  so  called, 
as  described  by  Aran,  and  as  distinguished  from  that  form 
originating  in  neuritis.  In  the  cases,  then,  that  belong  to 
this  part  of  our  subject,  the  prognosis  is  dependent  upon 
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various  considerations :  1.  The  extent  of  the  disease.  If 
only  one  member  of  the  body  is  attacked,  and  that  to  but 
a  partial  extent,  and  if  the  evil  remains  for  a  long  time 
within  these  limits,  the  prognosis  may  be  regarded  as  favor- 
able. 2.  The  cause  of  the  disease.  If  this  lies  in  a  sudden 
change  of  temperature,  or  a  frequent  straining  of  certain 
muscles,  especially  if  these  muscles  are  such  as  cannot  be 
spared  from  future  use,  the  prognosis  is  far  more  unfavorable 
than  when  an  hereditary  predisposition  lies  at  the  root  of  the 
disease.  3.  The  electric  condition  of  the  paralyzed  muscles. 
A  restoration  of  function  can  be  looked  for  only  in  those 
muscles  which  still  retain  some  sound  muscular  fibres,  and 
in  which,  consequently,  electro-muscular  contractility  is  not 
yet  fully  extinct. 

As  regards  the.  curative  agents  employed  in  cases  of  pro- 
gressive muscular  atrophy,  electricity,  especially  in  connec- 
tion with  prescribed  gymnastic  exercises,  the  use  of  iron, 
marsh  baths,  etc.,  has  shown  relatively  the  most  favorable 
results.  The  electric  treatment  required  consists  either,  as 
recommended  by  Duchenne,  in  the  faradization  of  the  mus- 
cles attacked— a  course  specially  indicated  where  the  irrita- 
tion of  the  smaller  muscles  is  demanded — or  in  the  applica- 
tion of  galvanic  spinal-nerve  and  plexus-muscle  currents — a 
mode  which  has  this  advantage  over  the  former,  that  it  brings 
the  electricity  to  bear  at  once  upon  an  entire  group  of  mus- 
cles, the  separate  irritation  of  which,  by  faradization,  would, 
where  the  affection  is  widely  extended,  be  an  impossibility — 
or,  finally,  in  the  galvanization  of  the  sympathetic  nerve,  to 
which  process  Remak  at  last  exclusively  resorted,  the  diplegic 
contractions  which  are  thus  excited  being,  according  to  this 
author,  peculiarly  adapted  to  promote  the  nutritive  restora- 
tion of  muscles  in  a  condition  of  atrophy. 

Duchenne  (page  53§)  communicates  the  following,  in 
which  the  employment  of  faradization  was  crowned  with  the 
best  results : 

Bonnard,  a  mechanic,  a  large,  strong  man,  twenty-five 
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years  of  age,  who  had  previously  enjoyed  iinifonn  good 
health,  observed  for  the  first  time  in  February,  1848 — ^when, 
in  consequence  of  the  political  events  of  the  day,  he  found 
his  regular  work  gone,  and,  in  order  to  support  his  large 
family,  was  compelled  to  struggle  night  and  day  amid  priva- 
tions of  all  kinds — a  great  degree  of  muscular  weakness  and 
a  certain  inflexibility  of  the  left  arm,  which  could  not  be 
accounted  for  by  any  precedent  pain.  This  weakness,  which 
was  continuous,  was  accompanied  by  a  gradual  emaciation 
of  the  left  arm,  which  from  his  youth  he  had  been  accus- 
tomed to  use  in  preference  to  the  right  one ;  the  emaciation 
finally  extended  also  to  the  trunk.  JS"evertheless,  he  con- 
tinued at  work  without  interruption  till  the- year  1850,  by 
which  time  the  left  arm  had  become  utterly  incapable  of 
service,  and  in  December  of  that  year  he  applied  to  Du- 
chenne  for  treatment.  Duchenne  found  his  condition  as 
follows :  The  thorax  was  emaciated  to  the  skeleton ;  upon 
its  anterior  side  the  skin  seemed  to  lie  immediately  upon  the 
ribs,  and  was  sunken  in  between  them ;  upon  its  posterior 
side,  the  shoulder-blades,  when  at  rest,  were  at  a  great  dis- 
tance from  the  median  line,  and  its  spinal  borders  were 
obliquely  directed  from  below  upward,  and  from  within  out- 
ward ;  the  shoulders  were  even  more  depressed.  The  left 
arm  was  about  a  third  less  in  volume  than  the  right,  the 
biceps  having  scarcely  the  thickness  of  the  forefinger,  the 
triceps,  however,  though  emaciated,  still  retaining  a  certain 
development ;  in  the  forearm,  the  Mia.  supinator  longus  and 
radiales,  in  particular,  were  in  a  condition  of  atrophy.  As 
regards  the  electric  condition  of  the  muscles,  the  strongest 
current  excited  only  a  few  fibrillous  contractions  in  the  Mm. 
pectorales,  the  two  inferior  divisions  of  the  trapezius  and 
the  latissimus  dorsi,  and  then  only  when  the  excitors  were 
placed  on  those  points  where  the  muscular  tissue  was  not 
changed  in  its  texture ;  the  biceps  contracted  a  little  in  its 
superior  part ;  the  other  muscles  of  the  anterior  side  of  the 
upper  arm  could  not  be  traced  out.     The  triceps,  when  irri- 
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tated,  extended  the  arm  completely  and  energetically.  All 
the  muscles  of  the  forearm  were  present,  but  the  movements 
executed  by  the  supinator  longus  and  the  radiales  showed  a 
little  less  energy  in  the  left  arm  than  in  the  right.  The 
electro-muscular  sensibility  of  the  muscles  in  a  condition  of 
atrophy  was  considerably  lowered,  although  the  sensibility 
of  the  skin,  even  in  those  parts  which  covered  the  muscles 
that  had  wholly  lost  their  vital  power,  was  normal.  The 
marked  development  of  the  muscles  that  retained  their  or- 
ganic energy  contrasted  strongly  with  those  whose  vitality 
was  suspended.  Fibrillous  contractions  were  also  observ- 
able in  most  of  the  muscles  which  were  apparently  sound 
and  were  capable  of  movement.  As  regards  the  disturbance 
of  motor  power,  briefly  stated,  the  movement  of  the  forearm 
was  impossible,  the  extension  of  the  hand  laborious ;  Bon- 
nard  could  not  raise  even  the  lightest  hammer.  General 
disturbances  in  the  power  of  motion  were  not  present,  though, 
probably  in  consequence  of  an  incipient  atrophy  of  the 
diaphragm,  the  respiration  for  the  last  raonth  had  become 
diflicult,  so  that  the  patient  could  scarcely  walk  a  few  steps 
without  stopping  to  rest  and  to  take  breath.  The  faradiza- 
tion of  the  diaphragm,  executed  three  or  four  times  a  week, 
quickly  removed  the  difficulty  of  breathing,  and  rendered 
the  patient  able  to  take  long  walks  and  to  go  up-stairs  with- 
out fatigue.  The  electric  irritation  of  the  muscles  of  the 
left  arm,  effected  three  times  a  week  in  sittings  of  eight  to 
ten  minutes,  soon  created  an  addition  of  strength  and  an  in- 
crease in  size,  so  that,  after  six  months,  Bonnard  could  again 
support  his  family  by  the  labor  of  his  hands.  The  frequent 
experiments  which  Duchenne  undertook  in  the  case  of  this 
patient,  in  the  course  of  which  he  irritated  in  turn  the  vari- 
ous muscles  of  the  trunk  and  extremities,  also  subdued  the 
fibrillous  contractions.  The  pectorales,  the  trapezii,  and  the 
latissimus  dorsi,  though  they  still  remained  much  emaciated, 
did  not  by  their  weakness  essentially  hinder  the  patient  in 
carrying  on  his  work. 


PROGRESSIVE   MUSCULAR   ATROPHY.  299 

In  my  own  practice,  though  many  cases  of  this  charac- 
acter  were  unsuccessful,  a  greater  number  were  fortunate  in 
their  result ;  among  the  latter  were  included  those,  in  partic- 
ular, in  which  the  disease  was  limited  to  the  forearm  and 
hand,  or  to  the  shoulder,  arm  and  hand,  of  one  side. 

Case  44. — Mr.  S.  had  two  years  previously,  while  cutting 
ice — an  occupation  to  which  he  was  not  accustomed — con- 
tracted a  severe  cold^  in  consequence  of  which,  pains  were 
excited  in  the  nape  of  the  neck,  which  gradually  extended 
over  the  right  shoulder,  the  upper  arm,  the  forearm,  and  the 
hand,  being  particularly  severe  at  the  elbow,  and  at  the  basis 
of  the  metacarpal  bone  of  the  thumb.  These  pains  were  fol- 
lowed by  weakness,  emaciation,  inability  to  use  the  arm,  and 
a  remarkable  feeling  of  coldness.  When,  upon  the  request 
of  Dr.  Ichroider,  I  visited  the  patient  (September  14,  1865), 
the  right  shoulder  and  the  arm  along  its  whole  extent  were 
emaciated,  the  elevation  of  the  upper  arm  was  difficult,  and 
the  extensor  power  of  the  arm  limited.  On  every  attempt  to 
extend  the  hand,  the  three  middle  fingers  fell  forward ;  the 
index-finger  could  not  be  extended;  the  fingers  could  be 
separated  to  a  distance  of  only  a  few  lines,  and  could  not  be 
fully  brought  into  contact.  Together  with  these  effects, 
there  was  an  atrophy  of  the  muscles  of  the  shoulder,  arm, 
and  hand ;  the  muscles  of  the  ball  of  the  thumb  (with  the 
exception  of  the  adductor)  and  the  interossei  had  suffered  the 
most ;  fibrinous  twitchings  were  exhibited  over  the  greater 
part  of  the  surface  of  the  muscles  attacked.  Electro-muscu- 
lar contractility  was  preserved  in  all  the  muscles,  though  the 
corresponding  movements,  especially  those  of  the  muscles  of 
the  hand,  were  less  prompt.  The  application  of  the  galvanic 
spinal-nerve  and  plexus-muscle  currents,  which  was  repeated 
51  times,  produced  by  the  20th  E'ovember — at  which  time 
I  was  forced  to  interrupt  the  treatment,  to  make  a  journey — 
so  considerable  an  improvement,  that  the  upper  arm  could 
be  fully  raised,  the  hand  extended,  and  the  separated  fingers 
brought  into  contact ;  the  pains  had  ceased,  the  fibrillous 
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twitchings  were  no  longer  apparent,  the  shoulder  and  arm 
were  increased  in  size ;  on  the  other  hand,  the  forefinger 
could  not  yet  be  extended,  and  the  ring  finger  could  be 
separated  only  a  few  lines  from  the  middle  finger ;  the  in- 
terossei  and  the  muscles  of  the  thumb  still  showed  an  es- 
sential deficiency  of  assimilative  power ;  and,  finally,  the 
temperature  of  the  arm  was  still  lowered. 

When  I  saw  the  patient  again  (April  17, 1866),  his  im- 
provement had  come  to  a  stand-still ;  his  pains  had  gone 
and  returned,  and  the  feeling  of  coldness  in  the  arm  still 
remained.  This  condition  of  the  patient  compelled  me  to 
proceed  to  the  galvanization  of  the  sympathetic  nerve ;  the 
application  of  this  process,  which  was  repeated  twelve  times, 
was  crowned  with  such  good  results,  that  the  patient  con- 
sidered further  treatment  superfluous,  and  determined  to 
leave  the  rest  of  the  cure  to  nature  and  cold  embrocations 
of  the  arm.  This  hope  did  not  deceive  him ;  on  visiting 
him,  August  14,  1867, 1  found  the  entire  arm  well  filled  out, 
strong,  and  capable  of  every  movement.  All  the  muscles 
of  the  hand  were  developed  in  accordance  with  their  vari- 
ous uses,  though  not  to  the  same  degree  as  those  of  the  sound 
hand ;  the  pains  had  not  returned ;  the  temperature  was 
normal. 

Whether  the  mode  of  practice  here  prescribed,  including 
especially  the  galvanization  of  the  sympathetic  nerve,  can 
sometimes  also  afford  help  in  those  cases  of  muscular  atrophy 
in  which  the  disease  has  attacked  not  only  one  or  both  of  the 
upper  extremities  but  also  the  lower  ones,  I  dare  not  decide. 
At  any  rate,  the  experimental  application  of  the  process 
last  named  is  to  be  recommended,  because  it  may  possibly 
have  a  central  influence. 


We  must,  in  conclusion,  mention  still  another  form  of 
paralysis,  to  which  Duchenne  ^  was  the  first  to  draw  atten- 

^  Arch.  Gen.  de  M6d.,  1860.   Sptbr. 
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tion,  giving  it  the  name  of  "  paralysie  mnsculaire  progressive 
de  la  langue,  du  voile,  du  palais,  et  des  levres,"  and  which 
has  also  been  made  the  subject  of  observation  on  the  part  of 
Chomel,  Trousseau,  Empis,  Gerhardt,  Schultz,  and  others. 
This  disease — of  which  in  nine  years  Duchenne  had  witnessed 
nineteen  cases — attacks,  without  known  cause,  persons  of 
forty  to  sixty  years  of  age,  seizing  first  upon  the  muscles  of 
the  tongue,  then  those  of  the  soft  palate,  and  at  last  those 
of  the  lips ;  in  only  a  single  case  has  this  order  been  changed, 
the  paralysis  of  the  velum  pendulum  and  the  orbicularis  oris 
preceding  that  of  the  tongue.  The  paralysis  of  the  tongue 
is  made  known  by  a  labored  articulation  and  deglutition ; 
the  first  consists  in  a  difficult  enunciation  of  the  palatal  and 
labial  sounds,  produced  by  the  immovable  position  of  the 
tongue  in  the  cavity  of  the  mouth ;  the  second  is  caused  by 
the  difficulty  of  loosening  from  the  walls  of  the  mouth  the 
saliva  which  is  secreted  in  abundance,  and  which  by  its  long 
retention  becomes  viscous  and  tenacious.  When  paralysis 
of  the  velum  pendulum  occurs,  the  tone  of  the  voice  changes, 
becoming  nasal ;  the  enunciation  of  the  labial  sounds,  for- 
merly natural,  becomes  indistinct,  food  and  drink  are  regur- 
gitated through  the  nose.  The  paralysis  of  the  orbicularis 
oris  prevents,  at  last,  the  contraction  of  the  lips,  and  impairs 
the  enunciation  of  o  and  u.  Sometimes  other  muscles 
of  the  lips  are  embraced  in  the  attack,  as,  for  example,  the 
levator  lab.  inf.,  the  triangularis  and  quadratus  menti,  while 
the  muscles  of  the  face  situated  above  these — the  orbicularis 
palpebr.,  the  zygomatici,  the  levator  lab.  sup.  alseque  nasi, 
the  buccinatorii,  etc. — always  remain  untouched.  The  dis- 
ease is  free  from  fever,  digestion  is  not  disturbed  by  it,  but, 
in  consequence  of  the  difficult  immission  of  food,  which  must 
necessarily  be  of  a  semi-fluid  character,  the  strength  of  the 
patient  gradually  fails ;  or  disturbed  respiration  and  attacks 
of  choking  are  followed  by  a  hectic  fever,  which,  in  periods 
varying  from  half  a  year  to  three  years,  brings  the  sufferings 
of  the  patient  to  a  fatal  end,  no  means  having  yet  been 
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found  to  clieck  the  course  of  the  disease,  mucli  less  to  effect 
its  cure.  The  electric  condition  of  the  muscles  of  the 
tongue,  the  lips,  and  the  soft  palate,  is  uniformly  normal. 

In  differential  diagnosis,  the  disease  is  liable  to  be  con- 
founded with  double  facial  paralysis — a  fault  into  which  I 
myself  fell  in  the  only  case  which  I  have  yet  had  an  op- 
portunity of  observing.  In  the  latter  malady,  as  in  the 
former,  the  muscles  of  the  lips  are  attacked,  the  velum  pen- 
dulum is  often  affected,  deglutition  is  difficult,  and  the 
speech  indistinct  and  toneless ;  but,  on  the  other  hand,  the 
preservation  of  the  motor  power  of  the  tongue,  the  un- 
changed quality  of  the  voice,  the  contemporaneous  paralysis 
of  the  higher  muscles  of  the  face,  and  other  indications,  will, 
upon  closer  attention,  present  sure  diagnostic  criteria.  In  rare 
cases  this  disease  may  be  associated  with  progressive  mus- 
cular atrophy ;  it  must,  however,  be  distinguished  from  it, 
for,  while  in  the  latter  the  restriction  of  the  motor  power 
coincides  in  point  of  time  with  the  degree  of  nutritive 
disturbance,  in  the  former  the  paralysis  always  constitutes 
the  first  symptom. 

Concerning  the  essential  nature  of  this  disease  we  know 
nothing  positive.  Duchenne's  theory  of  its  peripheric  seat 
in  certain  muscles  provided  with  the  hypoglossus,  the  mo- 
tor branch  of  the  trigeminus  (vagus),  and  with  the  facial 
nerve,  is  contradicted  by  the  few  dissections  thus  far  made, 
especially  by  that  reported  by  Gerhardt ',  who  discovered 
in  the  pons  varolii  an  unnaturally  soft  spot,  violet  brown  in 
color,  of  the  size  of  a  pea,  in  which  reddish-bliie  vascular 
lines  and  points  could  be  seen  with  the  naked  eye,  and  also 
by  that  made  by  Schultz,  *  who  discovered  an  atheromatose 
process  on  the  basilar  artery  and  osseous  formations  in  the 
medulla  oblongata.     Schultz,  in  his  interesting  work,  above 

'  Jena'sche  Zeitung  fur  Medicin  und  Naturwissenschaften.  Band  i.,  Heft 
ii.,  1864. 

2  Bertrage  zu  den  Motilitats-storungen  der  Zunge,  in  the  Wiener  Med.  Wo- 
chenschrift,  1864.     Nos.  38,  39. 
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mentioned,  endeavors  to  explain  tlie  disease,  even  without 
the  participation  of  the  hypoglossus,  as  a  bilateral  partial 
paralysis  of  the  facial  nerve,  for,  according  to  him,  the  par- 
tial immobility  of  the  tongue  is  occasioned  exclusively  by 
the  deeper  position  of  the  hyoid  bone,  produced  by  the 
paralysis  of  the  posterior  belly  of  the  digastricus  and  that 
branch  of  the  facial  nerve  distributed  to  the  stylo-hyoideus. 

Duchenne  publishes  in  hi»  work'  the  following  case, 
which  he  attended  in  company  with  Chomel,  in  the  year 
1852,  and  which  first  afforded  him  an  opportunity  of  making 
out  a  complete  synopsis  of  the  symptoms  of  this  disease  : 

The  affection,  induced  by  some  unknown  cause,  began, 
about  seven  months  before  Chomel's  examination  of  the  case, 
with  a  difficulty  of  deglutition  and  of  speech,  which  for  the 
first  two  months  was  scarcely  regarded.  This  difficulty 
gradually  increased ;  deglutition  became  labored,  and  the 
saliva  flowed  from  the  mouth ;  the  enunciation  was  rendered 
confused,  and  finally  unintelligible.  After  a  fruitless  trial 
of  various  remedies,  the  patient  was  introduced  to  Chomel, 
who  immediately  perceived  that  the  case  was  one  of  an 
affection  of  those  muscles  which  are  employed  in  articulation 
and  deglutition,  and  called  upon  Duchenne  to  make  an 
electric  examination.  The  tongue  was  pressed  down,  and, 
as  it  were,  fixed  behind  the  lower  row  of  teeth ;  its  upper 
surface  was  somewhat  furrowed ;  its  power  of  motion  was 
much  restricted ;  the  patient  could  neither  raise  the  point, 
nor  apply  its  upper  surface  to  the  palate ;  it  could  only  be 
moved  a  little  forward  and  laterally,  the  velum  pendulum 
and  the  uvula  exhibited  no  deformation,  and  contracted 
naturally  when  mechanically  irritated.  The  voice  was 
nasal,  but  of  normal  power,  though  the  patient  was  obliged, 
in  speaking,  to  make  extraordinary  efforts,  which  were  un- 
doubtedly necessitated  by  the  immobility  of  the  tongue. 
The  patient  could  not  whistle  or  blow  out  a  light,  except 
when  he  held  his  nose ;  and  in  like  manner  the  articulation 

» L.  c,  page  622. 
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of  the  labials  "  h  "  and  "j? "  was  less  distinct  when  the  nose 
was  open  than  when  it  was  closed.  The  mouth  was  always 
full  of  viscous  saliva,  which  the  patient  could  not  spit  out, 
having  to  remove  it  with  a  napkin.  "When  he  drank,  he 
was  obliged  to  pause  at  each  swallow ;  a  portion  of  the  fluid, 
thus  laboriously  swallowed,  was  regurgitated  through  the 
nose.  He  could  not  appropriate  solid  food  except  when  it 
had  been  cut  up  into  small  pieces  and  was  previously  moist- 
ened, and  he  had  then  to  masticate  it  a  long  time.  The 
tongue's  sense  of  touch,  as  well  as  of  taste,  was  not  impaired ; 
though  the  respiratory  movements  were  regular,  labored 
breathing  was  from  time  to  time  exhibited  ;  for  the  last  two 
months,  weakness  and  emaciation  had  been  added,  although 
the  assimilative  and  executive  functions  of  the  muscles  of 
the  limbs  and  trunk  were  still  undisturbed.  The  electro- 
muscular  contractility  of  the  tongue  and  the  muscles  of 
the  face,  as  well  as  those  of  the  soft  palate,  had  not  sufiered 
in  the  least.  The  employment  for  two  weeks  of  the  process 
of  faradization  had  given  volume  to  the  tongue,  and  had 
rendered  its  surface  smoother,  and  its  movements  as  well  as 
those  of  the  lips  easier,  and  the  enunciation  more  distinct. 
This  treatment,  however,  had  had  no  influence  upon  the  dif- 
ficulty of  deglutition  and  the  excessive  secretion  of  saliva ; 
the  introduction  of  a  rheophore  into  the  pharynx  and  the 
oesophagus  had  no  effect  upon  these  symptoms,^  and  accord- 
,  ingly  the  unfortunate  patient  went  home,  where,  after  a 
few  months,  he  died  by  choking.  Broth  and  milk  were, 
during  his  last  days,  introduced  into  the  oesophagus, 
without,  however,  appeasing  the  pangs  of  hunger. 

1  Schulz  was  able  to  check  the  superfluous  secretion  of  saliva  (which,  as 
Claude  Bernard  has  shown,  is  the  result  of  a  section  of  the  facial  nerve),  by  the 
galvanization  of  the  facial  nerve,  and  to  excite  a  perfect  act  of  deglutition  by 
the  irritation  of  the  hypoglossus. 


NINTH   SECTION. 

ELECTKICITY  AS  A  CUKATIVE  AGENT. 

In  eacli  of  the  three  departments  into  which  the  art  of 
healing  is  divided — medicine,  surgery,  and  obstetrics — elec- 
tricity has  been  employed  with  success. 

In  medicine  especially  it  has  proved  of  service  in  the 
cure  of  so  many  heterogeneous  maladies,  and  has,  according 
to  the  testimony  of  various  authors,  so  frequently  accom- 
plished results  of  a  wonderful,  not  to  say  incredible  charac- 
ter, that  a  review  of  the  vast  amount  of  material  dispersed 
through  the  various  medical  journals — in  which  the  true  is 
mingled  with  the  false,  intentional  with  unintentional  decep- 
tions, and  so  many  superficial  and  unsatisfactory  observa- 
tions of  cases  prevail — would  be  a  work  of  the  severest  labor ; 
yet,  in  view  of  the  many  interesting  reports  of  successful 
practice,  published  by  scientific  observers,  such  a  review 
would  greatly  enrich  the  healing  art.  The  diseases  in  which 
electricity  has  shown  itself  most  efficacious  are  those  that 
attack  the  nerves,  and  those  that  depend  upon  anomalous 
secretions  and  excretions. 

In  the  chirurgical  art,  though  electricity  has  been  but  a 
short  time  in  this  field  of  practice,  it  has  achieved  results  not 
less  satisfactory,  and  has  won  a  permanent  and  important 
place,  not  only  in  consequence  of  the  application  of  electro- 
thermic  processes  in  galvano-caustic  operations,  and  of  electro- 
chemical processes  in  the  cure  of  varices  and  aneurisms,  but 
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also  in  consequence  of  the  influence  of  the  electric  current, 
as  scientifically  established  and  practically  confirmed,  in  the 
dispersion  of  exudations  and  tumors.  Many  other  chemical 
operations,  as  the  solution  of  calculi  in  the  bladder,  and  the 
removal  of  poisonous  metals  from  the  system,  are  theoreti- 
cally possible,  as  has  been  experimentally  proven,  but  in 
practical  medicine  have  been  utilized  in  but  few  cases.  But, 
on  the  other  hand,  the  transportation  of  medicaments  by 
means  of  the  continuous  current — an  assumed  operation 
which  Klenke  and  Hassentein  have  made  so  much  of — ^lias 
not  been  verified  in  practice  ;  the  investigations  of  Pelikan 
and  SaveliefF  have,  on  the  contrary,  shown  that  even  a  trans- 
portation of  iodine  from  one  electrode  to  another,  when  due 
care  and  foresight  are  exercised  against  error,  does  not  take 
place.^ 

In  obstetrics,  finally,  the  electric  current  has  been  ap- 
plied by  the  English,  to  excite  the  activity  of  the  parturient 
efforts,  and  to  arrest  metrorrhagia,  and  more  recently  by  the 
French  to  overcome  version  and  prolapsus  of  the  womb ; 
in  Germany,  little  progress  has  as  yet  been  made  in  the  use 
of  electricity  in  this  branch  of  the  healing  art. 

*  A  point,  however,  of  great  interest  and  diagnostic  importance,  is  the  use 
of  the  electric  current  in  discovering  the  locality  of  a  metallic  body,  which  has 
been  forcibly  projected  into  the  system.  When  Garibaldi  was  wounded  by  a 
rifle-ball  in  the  ankle,  it  became  necessary  to  decide  whether  the  ball  was  still 
seated  in  the  wounded  spot.  For  this  purpose,  Nelaton  fastened  two  metallic 
probes  to  the  conducting  wires  of  a  single  element,  united  with  a  multiplica- 
tor,  and,  without  permitting  them  to  touch,  inserted  them  into  the  wound  till 
they  came  in  contact  with  some  hard  substance  lying  in  their  path ;  a  marked 
deviation  of  the  magnetic  needle  proved  that  a  metallic  connection  of  the 
probes  was  effected,  and  accordingly  the  ball  was  found  and  removed,  and 
the  wound  perfectly  healed. 


CHAPTEK    I. 

THE  USE  OF  ELECTRICITY  IN  MEDICINE. 


I.      ELECTRICITY     IN     NERVOUS     DISEASES. 

A.  HypercBsthesia — Neuralgia. 

In  consequence  of  the  uncertainty  which  has  in  general 
attended  that  treatment  of  neuralgia  which  aims  at  a  re- 
moval of  the  cause — for,  as  Komberg  remarks,  in  but  few 
cases,  and  only  where  the  disease  is  of  brief  standing,  has 
this  treatment  been  crowned  with  success — ^practitioners 
found  themselves  compelled  to  resort  to  other  means.  But 
neither  the  section  of  the  suffering  nerve,  nor  the  internal 
employment  of  narcotics,  nor  the  application  of  specific 
agents,  as  turpentine,  arsenic,  quinine,  etc.,  has  led  to 
satisfactory  results.  The  most  numerous  cures  were  still 
accomplished  by  the  application  to  the  external  skin  of  re- 
vulsive agents,  either  in  the  form  of  mustard-plasters  and 
irritating  washes,  or  of  vesicants  and  cauterants.  The  use 
of  the  burning-irons  was  particularly  recommended  by 
Jobert  de  Lamballe,  and  this  mode  of  treatment,  when 
united  with  the  anaesthetic  action  of  ether  and  chloroform, 
found  a  warm  eulogist  in  Yalleix.* 

In  more  recent  times,  two  other  remedial  agents  have 
been  brought  into  use,  which  are  at  once  more  easy  of  appli- 
cation, and  more  effective  than  those  already  named.  These 
are  electricity  and  hypodermic  injections.  But,  while  the 
latter,  as  A.  Eulenburg  says,''  may  be  used  with  almost  ab- 
solute certainty  as  palliatives,  and  in  many  cases  as  radical 

'  Guide  du  Medecin  practicien.    Paris,  1851.    Tome  iv.,  page  314. 

"  Die  Hypodermatische  Injection  der  Argnsmittel.     Berlin,  1865.    Page  71. 
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cures,  yet  electricity,  on  the  other  hand,  affords,  in  by  far 
the  greatest  number  of  cases  of  peripheric  neuralgia,  a  satis- 
factory means  of  treatment. 

The  modes  of  application  which  have  been  employed 
are  various :  1.  Induction  electricity  in  the  form  of  the 
electric  brush.  2.  The  induction  current  conducted  by 
means  of  moist  electrodes 'through  the  affected  nerves.  3. 
The  constant,  or,  according  to  Eemak,  stable  current.  4. 
The  perpetual  galvanic  current,  as  Hiffelsheim  names  it. 

In  regard  to  the  first  method,  Duchenne  applies  the  cur- 
rent to  the  skin  in  the  neighborhood  of  the  painful  parts,  first 
having  dried  the  surface  very  thoroughly,  and  applied  an 
absorbent  powder.  By  this  means  the  current  is  prevented 
penetrating  to  the  deep-seated  parts,  and  thus  possibly  in- 
creasing the  pain. 

In  very  chronic  cases — especially  in  sciatic  affections  of 
long  standing — where  the  strongest  current,  applied  in  the 
prescribed  manner,  does  not  produc.e  an  adequate  degree  of 
pain,  Duchenne  places  an  electric  pencil  upon  the  ear,  or 
the  ala  of  the  nose.  I  have  seen  the  intense  irritation  of  the 
skin  by  means  of  the  electric  pencil,  as  recommended  by 
Duchenne,  successful  in  only  those  cases  in  which,  in  addi- 
tion to  neuralgia,  a  more  or  less  extensive  anaesthesia  of  the 
skin  existsed,  and  in  which,  consequently,  the  nerve  which 
was  deprived  of  the  power  of  conducting  the  impression  of 
the  sense  was  nevertheless  painfully  affected — a  condition 
which  finds  its  explanation  in  the  law  of  excentric  manifes- 
tations. 

CAs:fc  45. — Rothardt,  a  postman,  fifty-four  years  old, 
being  much  exposed  by  his  occupation  to  colds,  and  having 
suffered  for  a  number  of  years  with  chronic  catarrh,  together 
with  emphysema  of  the  inferior  lobe  of  the  left  lung,  was 
attacked  about  the  middle  of  the  cold  and  wet  January  of 
1854,  without  any  direct  cause  that  could  be  indicated,  with 
a  severe  pain  in  the  shoulder-blade,  which  extended  after- 
ward to  the  upper  arm,  then  to  the  forearm,  and  finally  to 
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the  hand,  being  especially  severe  in  the  third  metacarpal 
space,  and  extending  thence  into  the  little  finger,  the  ring- 
finger,  and  the  ulnar  side  of  the  middle  finger.  The  pain 
was  boring  and  tearing,  but  not  equally  severe  at  every  hour 
of  the  day ;  it  was  generally  most  violent  in  the  morning 
hours,  and  in  the  course  of  the  day  subsided  into  a  dull 
painful  sensation,  and  at  night  ceased  altogether.  Every 
attempt  to  grasp  any  thing  with  the  hand,  immediately  ex- 
cited the  pain,  if  not  already  present,  and  increased  it  when 
it  was  present,  so  that  the  patient  was  unfit  for  service. 
After  he  had  for  a  long  time  employed  sudorifics  and  excit- 
ing washes,  and  had  thus  subdued  the  violence  of  the  pain 
in  the  shoulder,  upper  arm,  and  forearm,  he  came,  January 
31st,  to  me.  Externally  he  presented  no  abnormal  appear- 
ance, but  a  pressure  upon  the  third  metacarpal  space  was 
extraordinarily  painful.  The  skin  of  the  ulnar  side  of  the 
hand,  the  little  finger,  the  ring-finger,  and  half  of  the  middle 
finger,  was  completely  insensible  (neuralgia  et  anaesthesia 
ulnaris).  Upon  a  single  application  of  the  electric  pencil, 
moved  here  and  there  over  the  anaesthetic  parts  of  the  skin, 
with  force  sufficient  to  excite  a  painful  sensation,  the  patient 
immediately  felt  a  marked  alleviation  of  his  sufferings,  the 
stagnant  feeling  in  the  fingers  was  lessened,  and,  when  por- 
tions of  the  skin,  formerly  insensible,  were  touched,  a  weak 
sensation  was  felt.  On  the  next  morning  the  pains  were 
less  severe  and  of  briefer  duration.  At  the  end  of  -the  sec- 
ond sitting — ^February  1st — the  sensibility  of  the  skin  on  the 
inner  and  dorsal  surfaces  of  the  metacarpus  was  normal,  and 
on  the  little  finger  improved ;  but  it  still  remained  about  the 
same  as  before  on  the  ring-finger  and  the  ulnar  side  of  the 
middle  finger.  On' the  following  day,  only  an  insignificant 
degree  of  pain  remained,  and  Kothardt  was  already  able  to 
lift  a  chair.  After  the  third  sitting,  the  sensibility  of  the 
skin  was  perfectly  normal,  the  stagnant  feeling  was  gone, 
nor  did  any  of  the  painful  symptoms  recur.  On  -  February 
6th,  the  patient  was  again  ready  for  service. 


310  NEUKALGIA. 

On  tlie  other  hand,  in  numerous  cases  of  neuralgia  af- 
fectino-  the  most  dissimilar  nerves — the  ischiadicus,  the 
plexus  brachialis,  the  plexus  cervicalis,  the  trigeminus,  the 
Mm.  intercostales,  etc. — I  have,  with  the  happiest  results, 
applied  the  electric  pencil  as  a  moxa,  in  the  following  man- 
ner: 

I  generally  select,  without,  however,  ascribing  special 
importance  to  the  points  of  application,  either  such  places 
as  lie  as  near  as  possible  to  the  nerve  on  its  egress  from  the 
central  organ,  or,  with  still  greater  preference,  such  as  lie 
immediately  over  the  nerve  where  it  courses  beneath  the 
skin,  and  which  are  frequently  discoverable  by  a  special 
painfulness  under  the  pressure  of  the  finger  (points  doulou- 
reux). Thus,  in  the  case  of  the  sciatic  nerve,  I  select  the 
spot  where  it  leaves  the  incisura  ischiadica,  or  where  it  runs 
behind  the  trochanter  major,  or,  if  the  pain  extends  still 
higher,  at  its  point  of  egress  from  the  for.  intervertebralia. 
In  neuralgia  of  the  trigeminus,  I  operate  upon  the  upper 
posterior  part  of  the  neck.  Applying  one  pencil  firmly  to 
the  point  selected,  I  hold  the  other  (just  as  Jobert  does  with 
the  heating-irons)  at  a  distance  of  about  half  a  line  from  the 
skin  and  pretty  near  the  first.  This  position  is  retained 
for  a  period  varying  from  a  few  seconds  to  a  minute,  during 
which  the  sparks  escape  to  the  skin,  with  a  distinct  crackling 
sound;  the  fine  hairs  of  the  skin  are  raised,  the  skin  be- 
comes red ;  repeated  applications  on  the  same  spot — where 
the  skin  is  especially  irritable,  one  only — will  produce  cauter- 
ization, and,  in  cases  where  the  blood  is  in  a  bad  condition, 
the  livid  mark  of  a  bruise.  The  pain  excited  by  this  process 
is  intensely  severe ;  it  may,  however,  be  diminished  or  ab- 
breviated at  pleasure,  according  to  the  duration  and  severity 
of  the  neuralgia,  its  situation,  the  sensitiveness  of  the  skin,  etc. 
If  it  is  requisite  to  operate  upon  only  a  small  portion  of  the 
skin,  as,  for  example,  in  the  case  of  an  intercostal  neuralgia, 
instead  of  the  pencil,  a  small,  moist,  pointed  piece  of  sponge 
can  be  used  to  transmit  the  sparks.    Sometimes,  after  a  single 
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application,  the  pain  disappears,  and  does  not  return ;  but 
generally  it  recurs  again  on  the  next  day  with  abated  inten- 
sity. Sometimes,  soon  after  the  application,  a  new  attack 
comes  on,  which  greatly  exceeds  in  duration  and  severity 
those  which  have  regularly  occurred,  but  this  is  followed  by 
a  marked  alleviation  of  the  neuralgic  pains.  Frequently 
from  one  to  three  applications  of  the  prescribed  kind  are 
sufficient  to  effect  a  cure,  but  generally  six  to  eight  are 
needed,  and  only  in  deep-rooted  chronic  cases  of  many  years' 
standing,  or  when  the  patient  is  in  a  weak,  decrepit  condi- 
tion, is  a  greater  number  of  sittings  (sometimes  from  forty  to 
fifty)  necessary  to  a  complete  cure.  Among  cases  of  periph- 
eric neuralgia,  those  only  seem  to  resist  this  mode  of  treat- 
ment which  have  their  origin  in  some  deeper  organic  affec- 
tion, or  in  a  mechanical  cause,  as  a  nervous  tumor,  a  carious 
tooth,  or  in  neuritis  or  periostitis. 

The  physiological  action  of  the  electric  pencil,  in  cases  of 
neuralgia,  is  probably  the  same  as  in  all  epispastica,  name- 
ly, reflex.  O.  Neumann  ^  has  proved  experimentally  that 
weak  electric  irritations  effect  a  decided  acceleration  in  the 
flow  of  the  blood  combined  with  an  evident  contraction  of 
the  vessels,  and  a  more  energetic  action  of  the  heart ;  that, 
on  the  other  hand,  powerful  irritations  effect  an  evident  re- 
tardation of  the  blood,  combined  with  an  expansion  of  the 
vessels,  and  a  diminished  action  of  the  heart;  and  he 
consequently  considers  the  change  in  the  capacity  of  the 
vessels,  and  the  activity  of  the  heart,  sufficient  to  explain  the 
clinical  effects  of  epispastica.  The  electric  moxa,  however, 
has  an  advantage  over  the  epispastic  preparations  in  com- 
mon use,  in  the  suddenness  of  the  intense  pain  which  it  ex- 
cites, and  the  facility  with  which  this  pain  may  be  renewed 
at  any  moment,  as  required,  in  consequence  of  which  the 
patient  cannot  accustom  himself  to  it,  and  thus  lose  a  part 
of  its  effect. 

'  Untersuchungen  uber  die  physiologischen  Wirkungen  der  HautreizmitteL 
Prager  Vierteljahrschrift.  1863.     Page  i.-xviii. 
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Case  46. — S.,  a  scliool-councillor,  a  healthy  man,  about 
sixty-five  years  of  age,  had  suffered  for  the  last  two  years 
with  a  left  sciatica,  which  for  fourteen  months  had  stub- 
bornly resisted  all  remedies,  but  finally  yielded  under  the 
employment  of  "  vesicatoires  volants,"  which  were  applied 
along  the  course  of  the  nerve.  On  the  14th  September, 
1854,  when  he  had  been,  for  a  few  preceding  days,  suffering 
anew  with  sciatica  of  the  same  leg,  I  applied,  at  the  re- 
quest of  his  physician,  the  Geh.  Eath.  Eckard,  an  electric 
moxa,  and,  having  repeated  this  treatment,  on  the  16th  and 
19th  of  September,  dismissed  the  patient,  completely  and 
permanently  cured. 

Case  4Y. — B.,  a  merchant,  forty-four  years  old,  formerly 
healthy,  but  recently  rendered  nervously  excitable  by  har- 
assing emotions,  had  suffered  for  six  months  with  sciatica 
of  the  right  side,  which  had  been  contracted  in  the  begin- 
ning of  October,  185Y,  as  the  result  of  a  railroad  accident 
that  had  befallen  him  on  his  way  to  Leipsic.  The  pain, 
which  during  his  stay  in  Leipsic  was  endurable,  gradually 
increased  so  much  in  violence  that  on  his  return  to  Berlin 
he  was  compelled  to  keep  his  bed  for  some  time.  ISTeither 
cupping  nor  embrocations  were  sufficient  to  remove  the  pains, 
which  extended  along  the  posterior  side  of  the  thigh,  and 
from  the  knee  down  the  inner  side  of  the  leg  to  the  foot ; 
they  were  increased  by  walking  and  every  movement  of  the 
person,  and  were  only  quieted  at  night,  when  the  body  was 
in  perfect  repose ;  within  the  last  fourteen  days  they  had 
come  on  with  renewed  and  intolerable  severity.  On  the 
21st  of  March,  1858,  the  first  application  of  the  electric  pen- 
cil was  made,  the  spot  selected  being  one  which  was  painful 
to  the  touch,  situated  behind  the  trochanter  major;  the 
pains  disappeared  at  once,  but  recurred  the  next  day,  though 
with  diminished  severity.  After  the  second  sitting — 
March  23d — the  pains  decreased  daily,  and  the  patient  was 
able  to  walk  considerable  distances  without  suffering,  and 
only  experienced  a  light   drawing  sensation   in  the  spots 
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formerly  painful,  making  a  third  sitting  necessary  on  March 
2Tth. 

Case  48. — Mr.  S.  Rosenberg,  thirty-five  years  of  age,  had 
been  suffering  for  two  months  with  a  pain  in  the  right 
shoulder,  which  passed  over  to  the  upper  part  of  the  arm, 
and  followed  the  course  of  the  ulna  along  the  inner  side  of 
the  arm  down  to  the  little  finger,  occasioning  a  partial  paral- 
ysis of  the  hand,  and  hindering  the  patient  in  writing.  By 
the  application  of  uncleaned  wool  the  pain  was  driven  off, 
but,  when  at  last  this  was  removed,  it  returned  with  re- 
newed violence,  and  for  the  last  two  weeks  had  undergone 
no  alleviation  day  or  night.  The  elevation  of  the  arm  was 
especially  painful,  and  the  feeling  of  numbness  had  extended 
into  the  fino-ers.  An  examination  showed  a  neuralo-ia  of  the 
right  supra  scapularis,  for  the  removal  of  which,  the  patient, 
at  the  suggestion  of  the  sanitary  councillor,  Herzberg,  ap- 
plied to  me,  March  24, 1857.  A  pressure  upon  the  'N.  supra- 
spinatus,  immediately  above  the  coUum  scapulge  at  the  point 
where  the  nerve  passes  from  the  fossa  supraspinata  into  the 
fossa  infraspinata,  excited  an  intense  pain ;  the  extension  of 
the  pain  to  the  little  finger  and  ring-finger,  and  the  stagnant 
feeling  which  was  associated  with  this  pain,  indicated  the 
participation  of  the  ^.  ulnaris.  The  electric  pencil  having 
been  applied  in  the  manner  described,  to  the  spot — ^lying 
above  the  spina  scapulae,  which  was  so  sensitive  to  pressure 
— the  pain  immediately  disappeared  and  the  patient  slept 
well  on  the  following  night.  The  second  application — March 
26th — removed  the  feeling  of  heaviness  and  stagnation  in 
the  forearm  and  fingers. 

Case  49. — Gustavus  Lehnhardt,  a  smith,  twenty-three 
years  old,  apparently  not  very  strong,  was  seized,  probably 
in  consequence  of  extraordinary  exertion  in  his  work,  with  a 
pain  which  extended  from  the  furrow  between  the  condyl. 
extern,  and  the  olecranon  of  the  right  arm  to  the  interior 
side  of  the  elbow,  and  radiated,  particularly  when  _the  arm 
was  turned  outward,  to  the  forearm  and  to  the  little  and 
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ring-fingers.  The  pains,  which,  during  the  day  and  while 
the  patient  was  at  rest,  were  comparatively  unimportant, 
increased  in  violence  at  night  and  with  every  movement  of 
the  arm,  and  at  last  compelled  the  patient  to  suspend  his 
work.  Fourteen  days  later,  after  a  fruitless  application  of 
irritating  lotions,  he  came  to  me,  October  30,  1866,  for  treat- 
ment. I  found  a  pressure  upon  the  spot  above  indicated 
very  painful  to  the  patient  (K.  ulnaris  dextra) ;  there  was 
no  anaesthesia  of  the  lower  part  of  the  inner  side  of  the  fore- 
arm. After  a  single  powerful  application  of  the  electric 
pencil  near  the  sensitive  spot,  the  pain  disappeared,  leaving 
only  a  feeling  of  tension  in  the  soft  parts  of  the  elbow, 
which,  without  further  application  of  electricity,  was  fully 
removed  in  a  few  days  by  rubbing  with  warm  oil. 

Case  50. — Mrs.  A.  F.,  thirty-five  years  old,  a  woman  of 
small  stature,  graceful  in  form,  and  of  a  lively  temperament, 
the  mother  of  several  children,  had  been  suffering  for  the 
last  seven  years  with  a  considerable  degree  of  ansemia.  On 
January  9,  1856,  while  present  at  an  evening  company, 
she  caught  a  cold,  which  brought  on  a  severe  griping  pain 
in  the  left  ear  and  shoulder.  Her  domestic  affairs  having 
at  the  same  time  called  forth  unusual  exertions,  this  and  a 
perturbed  emotional  condition  excited,  about  January  16th, 
a  feverish  state  united  with  palpitation  of  the  heart,  labored 
breathing,  and  tearing  pains  in  various  parts  of  the  body. 
A  light  antiphlogistic  treatment,  continued  for  fourteen 
days,  removed  all  of  these  symptoms  except  the  pains  in  the 
limbs,  which  harassed  the  patient  more  especially  at  night ; 
these  after  a  while  concentrated  in  the  left  shoulder,  extend- 
ed thence  into  the  left  ear,  and  soon  attacked  the  third 
branch  of  the  trigeminus.  On  the  28th  of  January  the 
pains,  thus  located,  attacked  her  in  a  new  and  peculiar 
manner ;  the  pain  in  the  face  came  on  like  a  flash,  lasted 
from  five  to  ten  minutes,  and  then  as  quickly  passed  off.  At 
first  these  attacks  recurred  after  intervals  of  considerable 
length,  afterward  they  visited  her  daily  about  ten  o'clock  in 
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the  evening,  but  always  lasted  but  a  few  minutes  ;  gradually 
tliey  increased  in  frequency,  intensity,  and  duration,  being  at 
last  repeated  five  or  six  times  a  day,  when  they  included 
also  the  other  branches  of  the  trigeminus,  and  robbed  the 
patient  of  rest  at  night  for  whole  weeks.  Quinine,  arsenic, 
a  tonic  diet,  the  removal  as  far  as  possible  of  all  causes  of 
excitement,  a  salve  of  veratrum — all  were  tried  with  none 
or  at  most  but  doubtful  effect,  and  the  patient  consequently, 
upon  the  advice  of  Drs.  Philipp  and  Friedlander,  applied  to 
me.  May  3,  1856,  for  a  trial  of  electric  treatment.  After 
the  first  sitting  a  marked  exacerbation  of  the  pains  occurred ; 
they  raged  for  more  than  fourteen  hours  with  the  most 
fearful  intensity ;  they  then,  however,  underwent  a  marked 
subsidence,  and  after  two  applications  repeated  on  the  5tli 
and  9th,  with  weaker  currents,  the  neuralgic  symptoms  com- 
pletely and  permanently  disappeared. 

Case  51. — H.,  a  building-inspector,  a  weakly,  nervous 
young  man,  of  pale-yellow  complexion,  had  suffered  for 
several  weeks  with  an  intense  pain  which,  occasioned  by 
some  unknown  cause,  frequently  attacked  him,  but  always 
after  mental  exertion  and  emotional  disturbance.  Its  prin- 
cipal seat  was  in  the  region  of  the  interior  angle  of  the  left  eye, 
but  it  often  extended  from  this  spot  to  the  forehead  and  the 
left  nasal  cavity ;  it  was  fought,  though  unsuccessfully,  with 
narcotics  and  metallic  preparations.  Whenever  the  pain  came 
on,  the  lachrymal  caruncle  of  the  left  eye,  as  well  as  the 
eyelids,  particularly  those  parts  near  the  interior  angle  of 
the  eye,  became  red,  and  an  excessive  secretion  of  tears  en- 
sued. When  the  pain  reached  its  height,  which  it  regularly 
did  in  the  morning  hours,  the  lower  jaw  was  convulsively 
turned  upon  the  axis  of  the  right  proc.  condyloideus,  and  the 
teeth  of  the  left  side  ground  together.  The  case  thus  pre- 
sented was  a  neuralgia  of  the  first  branch  of  the  trigeminus, 
including,  secondarily,  that  branch  of  the  motor  portion  of 
the  trigeminus  supplying  the  M.  pterygoideus  minor — a 
diagnosis  with  which  the  patient's  physician,  Dr.  Housselle, 
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agreed,  and  which  was  clearly  indicated  by  the  pain  which 
a  pressure  upon  the  for.  supraorbitale  and  the  spina  troch- 
learis  produced.  After  the  electric  pencil  had  been  applied 
— July  31  and  August  2,  1860 — in  the  region  of  the  for. 
supraorbitale,  a  complete  cessation  of  the  pain  followed,  and, 
during  an  absence  on  my  part  of  four  weeks,  only  a  few 
brief  attacks  of  the  pain  recurred,  brought  on  by  the  severe 
mental  labor  to  which  the  patient's  professional  pursuits 
sometimes  subjected  him.  Since  then  he  has  been  in  good 
health. 

Case  52. — Lieutenant  von  H.,  thirty-two  years  old,  had 
been  attacked  four  years  previously,  as  the  result  of  a  cold, 
with  a  severe  pain  in  the  right  shoulder,  which  continued 
for  a  long  time,  and  greatly  exhausted  the  patient.  In  the 
course  of  the  subsequent  years  it  had  been  frequently  repeat- 
ed, but  often  lasted  only  a  short  time,  sometimes  but  a  few 
days  or  hours,  and  was  variable  in  its  intensity,  a  duU  pain 
being  often  interrupted  by  a  severe  shooting  pain;  it  al- 
ways, however,  yielded  to  the  use  of  Russian  baths.  Two 
months  ago,  he  was  again  visited  by  his  old  foe,  but  on  this 
occasion  he  ascribed  its  attacks  to  the  circumstance  of  his 
having,  when  his  head  was  heated,  put  on  his  helmet  after 
it  had  lain  all  night  on  the  moist  earth.  The  customary 
remedy,  Russian  baths,  had  this  time  no  effect;  the  pain 
increased  daily,  deprived  the  patient  of  his  night's  rest,  and 
rendered  him  incapable  of  mental  activity.  During  a  period 
of  eight  to  fourteen  days  it  was  seldom  absent,  although, 
while  it  preserved  its  general  character,  it  was  not  at  all  times 
of  the  same  intensity.  On  the  30th  of  October,  1858,  on  the 
advice  of  the  brigade  physician.  Dr.  Pesch,  the  patient  came 
to  me.  He  looked  as  if  nervously  affected ;  he  described 
his  pain  as  griping,  shooting,  intolerable,  it  went  from  the 
right  posterior  region  of  the  neck  above  the  os  occipitale  and 
extended  thence  behind  the  ear,  on  the  right  side  of  the 
head,  to  the  crown,  sometimes  also  to  the  right  shoulder  and 
down  the  right  arm ;  the  right  processus  trans  versus  of  the 


NEURALGIA.  317 

atlas,  and  the  tuber  parietale,  were  very  sensitive  under 
pressure.  The  case  was  accordingly  a  neuralgia  occipitalis 
dextra.  After  the  first  sitting  there  was  an  immediate  ces- 
sation of  the  suffering,  and  at  night  a  quiet  undisturbed 
sleep  was  enjoyed.  A  recurrence  of  the  pain  in  a  light 
form,  generally  toward  evening,  made  a  repetition  of  the 
treatment  necessary  on  the  3d  and  again  on  the  5th  of 
November.  There  then  arose  a  furuncle  on  the  spot  which 
had  been  irritated,  and  the  pains  wholly  ceased,  nor  have 
they  since  returned. 

Case  53. — Mrs.  R.,  fifty-six  years  old,  though  subject  to 
various  nervous  afflictions,  had,  however,  remained  tolerably 
healthy  till  she  reached  her  climacteric  year ;  since  this 
time,  however,  she  had  been  suffering  with  haemorrhages, 
and  had  been  so  much  troubled  with  piles  that  finally,  in 
the  winter  of  1854,  she  was  obliged  to  have  an  operation 
performed  on  them.  This  operation,  which  was  otherwise 
successful,  was  followed  by  a  violent  pain  that,  proceeding 
from  the  loins,  followed  the  right  ischi adieus  down  to  the 
foot.  Gradually  this  pain  passed  off;  but  about  a  year 
later,  just  after  the  patient  had  been  subjected  to  an  unusual 
degree  of  emotion,  sciatica  of  the  right  side  again  occurred, 
and,  notwithstanding  the  employment  of  various  antagonistic 
agents,  increased  daily  in  severity.  The  patient  could  not 
endure  to  stand  or  walk  long  at  a  time ;  she  complained  of 
a  feeling  of  cold,  stagnation,  and  deadness  in  the  leg, 
especially  in  the  lower  part.  The  intensity  of  the  pain 
robbed  her  of  sleep,  and  accordingly  when  I  visited  the  pa- 
tient— February  7,  1856 — I  found  her  in  a  very  exhausted 
condition.  Forty  applications  of  the  electric  pencil  were 
in  this  case  needed  for  a  complete  removal  of  the  affection, 
but  the  amount  of  uric  acid  in  the  urine  of  the  patient,  as 
well  as  various  swellings  in  the  labia  of  the  pudenda — which 
broke  out  five  months  after  the  completion  of  the  cure,  on 
her  return  from  Marienbad — indicated  very  clearly  a  condi- 
tion of  dyscrasia. 
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The  following  case  is  one  of  more  interest,  because  in  it 
the  employment  of  the  mode  of  treatment  which  has  been 
described  was  adequate  to  the  permanent  removal  of  a  neu- 
ralgia of  the  left  medianus,  the  Nn.  thoracic,  ant.  and  the  IT. 
thorac.  post.,  evidently  caused  by  a  tuberculous  process  of 
the  cervical  vertebrae. 

Case  54. — Friedrich  Mues,  a  compositor,  thirty-five  years 
old,  who,  up  to  the  year  1850,  had  always  been  healthy, 
fell  sick  in  August  of  that  year  with  the  cholera,  which 
left,  as  a  result,  a  diarrhoea  that  lasted  till  May,  1852.  In  the 
following  year  tuberculosis  pulmonmn  had  been  gradually 
developed,  and,  since  Christmas  of  1853,  severe  pains,  which 
could  not  be  traced  to  any  exciting  cause,  broke  out  on  the 
left  side  of  th*e  neck  adjoining  the  spine,  extending  from  this 
place  forward  to  the  region  of  the  left  nipple,  and  posteriorly 
to  the  shoulder,  compelling  the  patient,  January  1854,  to 
give  up  work.  Cuppings,  embrocations,  and  rest,  had  mod- 
erated the  pain,  so  that  Mues  was  able  in  two  weeks  to  re- 
sume work,  but,  soon  after,  the  pain  had  recurred  with 
renewed  violence,  extending  from  the  place  described  to  the 
left  upper  arm,  then  to  the  forearm,  and  finally  to  the  hand 
of  the  same  side,  including  the  index  and  middle  fingers. 
The  patient  had  at  the  same  time  experienced  in  these  parts 
a  feeling  of  stagnation  and  paralysis,  as  well  as  a  constant 
painful  itching  which  was  excited  to  an  extreme  by  the  use 
of  the  fingers.  The  pain  increased  at  night  as  well  as  when- 
ever, by  a  recumbent  position,  the  parts  attacked  were 
subjected  to  pressure.  The  remedies  which  had  been 
applied  had  produced  no  effect ;  and  Mues,  on  the  19th  of 
May,  1854,  upon  the  advice  of  his  physician,  applied  to  me 
for  electric  treatment.  Pressure  upon  the  four  lower  procc. 
transversi  of  the  cervical  vertebrae  on  the  left  side,  as  well  as 
pressure  on  the  medianus  at  the  inner  side  of  the  upper  arm, 
excited  intense  pain.  The  skin  of  the  left  index  and  middle 
fingers,  especially  at  the  points,  was  anaesthetic. 

In  this  case  the  electric  pencil  was  applied  in  the  manner 
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described  upon  the  sensitive  procc.  transversi ;  but  also,  in 
order  to  the  reduction  of  the  anaesthesia,  the  affected  parts 
of  the  skin  were  stroked  with  the  pencil  for  about  five 
minutes.  After  only  the  first  sitting,  the  patient  experienced 
an  essential  improvement.  After  the  sixth  sitting — June 
5th — the  anaesthesia  at  the  points  of  the  fingers  was  removed, 
pressure  upon  the  procc.  transversi  was  not  so  keenly  felt ; 
the  patient  could  grasp  difierent  objects  without  pain,  and 
his  nightly  rest  was  undisturbedi  After  the  twelfth  sitting 
— June  18th — the  patient  was  dismissed  cured.  I  saw  him 
again  two  years  later,  a  short  time  before  his  death,  which 
was  caused,  toward  the  end  of  1856,  by  pulmonary  consump- 
tion. 

An  abscess  was  formed  on  the  left  side  adjoining  the 
upper  dorsal  vertebrae,  caused  probably  by  a  carious  process 
of  the  lower  dorsal  vertebrae.  Since  the  electric  treatment, 
the  neuralgic  pains  had  not  returned. 


The  electric  pencil,  applied  in  the  manner  described,  often 
produces  still  another  favorable  effect.  In  consequence  of  the 
intense  cutaneous  irritation  which  it  causes,  it  excites,  by  a 
reflex  action,  venous  bleedings  within  the  cavity  of  the 
pelvis  (the  pressure,  thus  induced,  probably  occasioning  the 
phenomena  exhibited  by  the  sciatic  nerve),  or  else,  in  cases 
where  there  exists  an  impetiginous  tendency,  it  excites,  by 
direct  action,  exanthematic  developments,  such  as  boils, 
impetiginoid  eczema,  etc.,  with  the  appearance  of  which  the 
neuralgic  symptoms  pass  off.  I  adopted  this  mode  of  treat- 
ment in  the  case  of  an  ofiicer  who,  four  years  before  he 
came  under  my  care,  had  suffered  a  slight  haemorrhage,  and 
who  now  was  affected  with  a  double  sciatica,  which,  after 
the  haemorrhoidal  bleeding  which  followed  the  third  electric 
sitting,  immediately  and  permanently  disappeared. 

Case  55. — The  post-revisor,  E.,  fifty-seven  years  old, 
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irom  his  youth  had  been  subjected  to  rheumatic  attacks, 
which  always  held  on  for  a  long  time,  frequently  for  years  ; 
thus  for  many  years  he  sufiered  with  an  exudation  in  the 
tendon  achilles,  and  also  for  a  long  time  with  a  rheumatic 
inflammation  of  the  eyes,  which  almost  utterly  destroyed  the 
sight  of  the  left  eye ;  finally,  with  a  swelling  of  the  wrist.  In 
April,  1857,  he  was  attacked  with  sciatica  of  the  left  side, 
which,  notwithstanding  the  employment  of  cuppings,  pur- 
gatives, and  narcotics,  increased  in  severity,  rendering  a 
sitting  or  recumbent  posture  excessively  painful.  Standing 
and  walking  were  impossible ;  in  the  night,  especially,  the 
patient  suffered  fearfully.  Having,  at  the  request  of  Dr. 
Koerte,  visited  the  patient — May  3, 1857 — I  found  him  with 
his  legs  drawn  up  in  a  cramped  manner  upon  the  abdomen, 
as  every  other  position  increased  his  tortures  to  an  extreme 
degree.  Pressure  upon  the  ischiadicus  behind  the  trochan- 
ter was  very  painful.  On  the  first  application  of  the  electric 
pencil,  the  pains  immediately  subsided,  and  the*  patient 
passed  a  quiet  night.  The  third  sitting — May  7th — com- 
pleted the  cure.  There  then  broke  out  a  severe  itching 
eruption,  of  an  eczematous  character,  which  especially 
afiected  the  left  leg,  and  continued  for  months  with  greater 
or  less  intensity.  The  patient  is  still  much  subject  to  cuta- 
neous eruptions.  Since  the  treatment,  the  pains  have  not 
returned. 


Sometimes  the  desired  result  is  attained  by  the  milder 
treatment  previously  mentioned,  and  which  consists  in 
transmitting  through  the  affected  nerve,  by  means  of  moist 
electrodes,  an  induced  current  of  moderate  strength,  last- 
ing from  ^ve  to  ten  minutes.  The  mode  of  application  de- 
pends upon  the  capacity  of  the  current  to  reduce  directly 
the  irritability  of  the  nerves.  In  consequence  of  the  slight 
pain  which  this  operation  causes,  it  is  well,  in  the  case  of 
very  irritable  patients,  to  give  it  the  first  trial,  though  in 
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certainty  of  result  it  stands  far  behind  the  method  already 
described. 

Case  56. — Carl  Maass,  thirty-four  years  of  age,  a  journey- 
man baker,  short  and  thick-set  in  form,  previously  healthy, 
had  for  the  last  few  years  been  frequently  subject  to  rheu- 
matism, and,  about  three  months  before  the  treatment  of  his 
case,  had  been  suddenly  seized  with  an  attack  of  lumbago, 
to  which  was  soon  afterward  added  a  continuous  pain  in  the 
posterior  and  lateral  portions  of  the  right  thigh,  extending 
to  the  knee.  The  pains  werje  particularly  intense  in  stormy 
weather,  very  severe  at  night ;  and  whenever,  after  sitting  a 
long  time,  the  patient  stood  up,  they  became  so  intense, 
that  he  was  often  obliged  to  support  himself  with  both 
hands  before  he  was  able  to  take  a  step.  Cuppings,  vesi- 
cants, and  Eussian  baths,  were  employed  with  none  or  at 
least  but  transitory  effect.  The  patient  had  consequently 
found  himself  compelled  to  give  up  his  employment,  which 
was  one  requiring  a  standing  posture.  On  the  19th  of  April, 
1861,  he  applied  to  me  for  treatment.  He  complained  of  a 
constant,  penetrating  pain,  near  the  tuberosity  of  the*  ischi- 
um adjoining  the  point  of  egress  of  the  ]N'.  ischiadicus, 
which  from  evening  to  midnight  was  especially  severe, 
but  did  not  trouble  him  during  the  morning  hours  ;  it  was 
greatly  intensified  by  pressure.  The  skin  over  the  suffering 
parts  was,  when  pinched,  very  sensitive ;  but,  on  the  other 
hand,  the  pressure  of  the  femur  on  the  cotyloid  cavity  pro- 
duced no  pain ;  the  appetite  was  good,  evacuations  regular, 
pulse  normal.  One  of  the  conductors,  having  been  applied 
in  combination  with  the  apparatus  of  Stohrer,  to  the  point 
of  egress  of  the  sciatic  nerve,  the  other  behind  the  capitulum 
fibulae,  a  current  of  about  ten  minutes'  duration  was  trans- 
mitted. The  patient  was  at  once  able  to  walk  with  more 
ease ;  he  still  went  up-stairs  laboriously,  but,  by  treading 
carefully,  he  could  go  down  without  pain.  The  pains 
continued  till  past  midnight,  and  recurred  again  late  in  the 
following  evening,  though  with  much  less  intensity  than 
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before,  and  toward  midnight  passed  off.  After  the  third 
application  of  induction-electricity,  made  in  a  similar  man- 
ner, and  for  the  same  length  of  time,  the  sciatica  disappeared, 
and  the  patient  returned  from  Spandau  to  Berlin — a  distance 
of  about  two  miles — on  foot,  so  as  to  assure  himself  of  the 
perfect  success  of  the  cure. 

Becquerel  ^  reports  the  following  cure  of  a  case  of  neu- 
ralgia supraorbitalis : 

A  servant-maid,  nineteen  years  of  age,  was  seized  about 
the  end  of  August,  1856,  with  a  neuralgia  supraorbitalis 
duplex,  which  came  on  daily  about  eleven  o'clock,  and  kept 
increasing  in  intensity  till  two  at  night ;  up  to  four  of  the 
afternoon  it  was  sufficiently  endurable  to  permit  the  patient 
to  discharge  her  regular  duties,  but  from  five  to  two  at 
night,  it  was  so  intense  that  the  forehead  and  eyelids  suffered 
severe  convulsive  twitchings,  and  the  patient  screamed  with 
the  pain.  At  two  o'clock  the  pain  began  to  subside,  and  at 
five  ceased  altogether,  permitting  the  patient  to  sleep  till 
eleven,  when  the  attack  renewed  its  former  course.  Qui- 
nine, opium,  and  morphine,  were  employed  endermatically 
and  otherwise  till  the  end  of  October,  without  assuaging  the 
violence  of  the  attacks  or  lessening  their  duration.  Becque- 
rel at  this  time  brought  electric  treatment  to  the  patient's 
help,  and  for  three  successive  days — always  at  one  o'clock — 
applied  an  intermittent  induction  current  of  moderate 
strength,  and  of  ten  to  fifteen  minutes'  duration,  to  the  tem- 
poral and  supraorbital  region.  On  each  occasion  the  attack 
ceased,  and  the  patient  remained  free  from  pain  till  six 
o'clock.  Becquerel  then  applied  the  treatment  twice  a  day 
— at  one  and  at  six — and  in  ten  days  a  complete  and  per- 
manent cure  was  effected. 

The  following  case  is  especially  interesting,  in  which, 
probably  in  consequence  of  a  periostitis  of  the  metacarpal 
bone  of  the  left  thumb,  a  neuralgia  of  the  left  radial  nerve 

*  Traite  des  applications  de  I'electricit^  k  la  Th^rapeutique.  Paris,  1867. 
Page  270. 
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ensued,  which,  progressing  gradually,  soon  affected  not  only 
the  arm  and  leg  of  the  same  side,  but  also  proceeded  to  the 
right  arm,  and  which  was  entirely  cured  after  sixteen  applica- 
tions of  a  mild  induced  current  across  the  primarily-affected 
bone. 

Case  57. — Miss  Marie  S.,  a  nervous  girl  seventeen  years 
of  age,  while  jumping  out  of  a  cab  on  ]N^ovember  23,  1862, 
injured,  either  through  the  forcible  opening  of  the  door,  or  in 
consequence  of  her  falling  upon  her  left  arm,  the  ball  of  the 
thumb  of  her  left  hand,  which  soon  became  tender  and  pain- 
ful. ITeither  arnica  lotions,  nor  compression  by  means  of  a 
bandage  for  fourteen  days,  alleviated  the  pain,  till  finally  the 
application  of  leeches  and  warm  poultices  relieved  the  pa- 
tient sufficiently  to  enable  her  toward  IS'ew  Year's  to  walk 
without  carrying  the  arm  in  a  sling.  After  a  few  days, 
however,  perhaps  in  consequence  of  a  cold,  the  pain  reap- 
peared stronger  than  before,  l^ow,  not  only  the  thumb 
began  to  swell,  but  also  the  whole  hand ;  warm  poultices 
and  the  repeated  application  of  leeches  failed  to  give  any 
relief,  the  hand  grew  thicker  and  stiffer ;  the  pain  now 
attacked  the  index  and  middle  finger,  and  thence  extended 
along  the  arm,  shoulder,  and  back,  into  the  left  leg ;  and 
then  the  right  arm  also  became  painful,  while  the  right  hand 
likewise  was  affected  at  certain  times  with  violent  pains. 

TJp'on  the  advice  of  Dr.  Kloatsch,  the  patient  consulted 
me  for  the  first  time  on  January  22, 1863.  As  a  pressure 
upon  the.  metacarpal  bone  of  the  thumb  was  felt  very  much 
by  the  patient,  an  induced  and  slightly  painful  current  was 
directed  through  it  by  means  of  wet  conductors.  After  the 
third  application  the  motion  of  the  left  hand  became  easier, 
the  swelling  and  the  pain  diminished,  especially  the  pain 
felt  in  the  right  arm,  and  that  in  the  left  leg  ceased  entirely. 
The  next  thirteen  applications,  in  which  the  same  method 
was  employed,  sufficed  to  render  the  arm  free  from  pain  by 
the  end  of  the  month  of  February,  and  also  to  fit  the  hand 
for  every  kind  of  manual  labor. 
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The  third  method,  the  treatment  of  neuralgia  by  means 
of  the  continuous  current,  is  employed  in  such  a  manner 
that  the  positive  pole  is  applied  as  nearly  as  possible  to  the 
centre  (upon  the  nervous  ramification  or  the  nervous  root  in 
neuralgia  of  the  trigeminus,  at  the  cervical  vertebra  near  the 
mastoid  process),  while  the  negative  pole  is  placed  upon  the 
several  painful  points  in  the  course  of  the  respective  nerves, 
or,  in  case  such  cannot  be  found,  in  the  vicinity  of  the  periph- 
eral terminations  of  the  nerves,  and  the  current  is  allowed 
to  act  in  this  manner  usually  for  the  period  of  from  two  to 
^ye  minutes.  Concerning  the  strength  of  the  current,  from 
6  to  10  elements  are  mostly  sufficient  where  the  trigeminus  is 
affected,  while  a  neuralgia  of  the  brachial  nerves  or  of  the 
great  sacro-sciatic  nerve  requires  from  20  to  40  elements,  in 
order  to  obtain  a  deflection  of  the  galvanometer-needle  of  5° 
up  to  20°,  which  is  mostly  sufficient.  The  feeling  of  tension 
in  the  muscles  which  often  accompanies  a  neuralgia,  and 
especially  sciatica,  is  usually  soon  relieved  through  a  few 
interruptions  by  means  of  the  metallic  current-changer. 
Usually  the  pain  is  already,  after  the  first  application, 
alleviated,  if  the  employment  of  the  current  is  to  be  success- 
ful at  all.  Yet  but  a  few  cases  are  benefited  in  three  to  five 
applications ;  usually,  the  treatment  must  be  continued  for 
^ye  or  six  weeks,  in  order  to  remove  all  morbid  symptoms, 
and  it  must  be  borne  in  mind  that,  as  soon  as  the  symptoms 
are  considerably  diminished,  the  last  residues,  the  removal 
of  which  requires  the  longest  time,  disappear  gradually  by 
themselves  under  the  employment  of  the  proper  treatment. 
According  to  my  opinion,  the  electric  moxa  cures  the  affec- 
tion quicker  than  the  continuous  current ;  the  latter,  how- 
ever, is  much  less  painful,  and  on  that  account  to  be  pre- 
ferred in  the  treatment  of  irritable  patients ;  the  latter  is 
also  especially  indicated  in  those  not  rare  cases  in  which  a 
swelling  of  the  neurilemma  (neuritis),  or  a  periostitis,  is 
the  cause  of  the  disease.  I  prefer  to  employ,  in  the  last 
mentioned  cases,  the  ^olm^  method,  by  applying  the  posi- 
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tive  conductor  to  the  inflamed,  the  negative  pole,  how- 
ever, to  any  remote  and  less  tender  spot,  in  order  to  avoid 
every  irritation  of  the  nerve  through  the  negative  elec- 
trode. The  same  method,  namely,  the  application  of  the 
positive  pole  to  the  irritated  place,  with  the  simultaneous 
application  of  the  negative  electrode  to  a  more  remote  point, 
is  to  be  employed  in  such  cases  of  tic  douloureux,  etc., 
where  Kemak  found  the  starting-point  of  the  pain  in  one  of 
the  cervical  ganglia  of  the  sympathetic  nerve,  and  which  he 
cured  through  this  method.  We  shall  communicate  his  ob- 
servations which  are  published  in  the  Berlin  Klin.  Wochen- 
schrift  of  1864,  page  229.  The  manner  of  action  of  the 
continuous  current  in  neuralgia  is  explained  partially 
through  the  irritation  of  the  skin,  partially  through  the 
diminished  excitability  in  consequence  of  the  long-lasting 
influence ;  in  those  cases,  finally,  in  which  the  neuralgia 
is  caused  by  hypersemia  and  swelling  of  the  neurilemma 
or  by  an  irritation  of  the  sympathetic  ganglia,  through  the 
removal,  of  the  existing  anatomical  changes.^ 

Case  58. — Mrs.  D.,  aged  fifty-four  years,  midwife,  after 
having  assisted  for  several  days  in  succession  in  some  difficult 
confinements,  experienced  a  violent  pain  beginning  between 
the  fifth  and  seventh  dorsal  vertebrse,  and  extendiftg  thence 
to  the  right  and  anterior  parts  in  the  course  of  the  corre- 
sponding ribs.  The  pain,  which  prevented  a  complete 
inspiration,  rendered  the  erect  position  of  the  body  difficult, 
and  only  ceased  in  the  night  when  the  patient  kept  perfectly 
quiet.  It  had  already  lasted  for  three  weeks,  during  which 
period  neither  cups  applied  to  the  back,  nor  embrocations  of 
chloroform,  gave  any  relief  when  she  desired  my  aid  for  the 
removal  of  an  intercostal  neuralgia.  After  the  first  applica- 
tion, lasting  in  all  from  five  to  six  minutes,  in  which  I  ap- 
plied the  small  conductor  connected  with  the  copper  pole, 
successively  to  the  central  places  of  exit  of  the  fifth,  sixth, 
and  seventh  intercostal  nerves,  and  kept  in  the  same  man- 

'  Remak's  Catalytic  Efifects. 
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ner  the  zinc  pole  at  tlie  corresponding  intercostal  spaces 
near  the  sternum,  a  decided  mitigation  of  the  pain  immedi- 
ately ensued,  and  the  treatment  terminated  successfully  after 
the  third  application,  on  the  7th  of  February. 

Case  69.  —  Our  revered  colleague,  Privy-Councillor 
Wilm,  aged  forty-one  years,  was  taken  sick  at  the  end  of  Sep- 
tember, 1865,  in  consequence  of  a  severe  cold,  with  the  usual 
symptoms  of  an  occipital  neuralgia.  The  pains  occupied 
the  entire  occiput,  and  thence  radiated  toward  the  temporal 
region.  The  attacks  happened  at  irregular  periods,  begin- 
ning frequently  in  the  evening,  lasting  during  a  part  of  the 
night,  and  preventing  the  patient  from  sleeping.  As  reflex 
symptoms,  spasms  appeared  in  the  muscles  of  the  face,  neck, 
and  arm.  The  points  of  Yalleix,  tender  upon  pressure, 
were  proved  especially  plainly  in  this  case.  After  the  usual 
remedies,  such  as  the  iodide  of  j)otass,  quinine,  flying  vesi 
eateries  and  warm  baths,  were  administered  in  vain  during 
the  months  of  October  and  ISTovember,  the  continuous  cur- 
rent was  employed  at  the  beginning  of  December.  Fifteen 
applications  sufficed  entirely  to  remove  the  disease,  which 
had  weakened  very  much  the  strength  of  the  patient,  in 
consequence  of  its  intensity,  long  durability,  and  the  want 
of  sleep  produced  by  it  for  weeks.  In  this  case,  the  polar 
method  was  used,  so  that  the  positive  pole  was  placed  upon 
the  painful  points,  and  the  negative  pole  upon  the  lateral 
cervical  region.  The  first  application  was  followed  by  a 
quiet  and  refreshing  sleep,  while  the  spasms  were  consider- 
ably diminished. 

Remak  reports,  in  his  Galvano-Therapeutics  (page  442), 
the  following  case : 

Ferdinand  R.,  a  farmer,  after  having  contracted  a  cold, 
was,  in  the  beginning  of  the  year  1855,  attacked  with  sciatica 
which  defied  all  known  remedies,  and  finally,  in  the  month 
of  August,  1856,  compelled  the  physicians  to  recommend  to 
him  a  trip  to  Toplitz.  As  the  pain  became  unbearable  on 
the  way  to  Berlin,  the  patient  applied  to  Dr.  Remak  for 
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advice.  The.  paroxysms  were  strongest  mornings  and  even- 
ings, and  also  while  the  patient  was  sitting,  so  that  he  was 
obliged  to  take  his  dinner  partially  while  standing.  He 
limped  while  walking,  as  he  stepped  on  his  toes  on  account 
of  a  secondary  contraction  of  the  flexor  muscles  of  the  thigh. 
Pressure  upon  the  trunk  of  the  sacro-sciatic  nerve  caused 
violent  pain.  From  the  25th  to  the  29th  of  August,  and 
therefore  for  five  consecutive  days,  electric  currents,  genera- 
ted in  a  battery  containing  from  25  to  30  Daniell's  elements, 
were  passed  along  the  course  of  the  nerves  down  to  the 
external  angle  for  4  to  5  minutes  each  time,  which  relieved  the 
patient  so  much  that  he  gave  up  the  journey  and  returned  to 
his  home. 

Case  60. — Miss  C.  B.,  from  Rostock,  aged  twenty  years, 
contracted  a  sciatica  of  the  right  side,  in  consequence  of 
over-exertion  in  climbing  mountains  during  the  catamenia, 
which  did  not  yield,  in  spite  of  the  employment  of  every 
imaginable  remedy.  Every  attempt  to  walk  caused  pains  in 
the  hip,  which,  after  continued  walking,  extended  to  the 
knee,  and  thence  soon  after  to  the  external  ankle.  After 
standing  for  a  long  time,  a  feeling  of  weight  and  numbness  en- 
sued in  the  right  leg,  which,  while  lying  on  her  back,  was  fre- 
quently followed  by  spontaneous  pain.  The  catamenia  were 
regular.  At  the  examination  made  on  the  12th  of  April, 
1866,  no  tender  points  could  be  found  along  the  course  of 
the  nerve,  only  a  pressure  upon  the  parts  next  to  the  second 
and  third  sacral  vertebrae  was  painful,  and  produced,  when 
long  continued,  a  slight  pain,  corresponding  to  the  course 
of  the  nerve  down  to  the  knee.  To  this  spot  the  copper- 
pole  was  fixed,  while  the  zinc-pole  was  attached  to  some 
place  in  the  vicinity  of  the  spine.  The  patient  improved 
perceptibly  after  a  few  applications,  yet,  not  until  after 
forty-nine  applications  did  recovery  take  place,  which,  how- 
ever, was  so  complete,  that,  as  I  was  afterward  informed,  she 
could  gradually  make  the  greatest  journeys  without  any 
difficulty. 
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The  following  is  an  instructive  case  of  neuralgia  of  the 
cervico-brachial  plexus,  in  consequence  of  neuritis,  copied 
from  M.  Eosenthal's  Electro-Therapeutics : 

Th.  Schreiber,  an  old  servant,  twenty-seven  years  old, 
perceived  in  JSTovember,  1862,  after  having  washed  in  cold 
water,  a  sharp  pain  in  the  right  hand,  which,  however,  did 
not  prevent  her  performing  her  accustomed  kitchen-work 
until  the  end  of  January,  1863,  at  which  time  the  pain,  becom- 
ing more  frequent  and  violent,  and  spreading  from  the  neck 
over  the  arm,  together  with  spasms  of  the  flexor  muscles  of 
the  fingers,  rendered  her  right  hand  entirely  unfit  for  every 
kind  of  work.  Pressure  upon  the  spinous  processes  pro- 
duced pain  of  the  cervical  vertebrae  from  the  sixth  upward, 
while  a  swelling  of  the  right  half  of  the  neck  could  be 
plainly  perceived.  Pressure  in  the  supraclavicular  region 
upon  the  brachial  plexus  of  the  same  side  also  caused  violent 
pain.  Besides  one  painful  point  in  the  lower  third  of  the 
deltoid  muscle,  there  was  also  a  large  number  of  points 
douloureux  along  the  median,  radial,  and  ulnar  nerve,  from 
the  shoulder  down  to  the  ball  of  the  thumb.  The  patient 
designated  several  of  these  points  as  the  seat  of  severe  pain. 
After  each  paroxysm,  a  violent  reflex  spasm  of  the  flexors 
of  the  carpus  and  fingers  set  in,  and  the  spasmodically  closed 
hand  could  not  be  opened  even  with  the  use  of  force.  After 
six  to  eight  hours,  gradually  first  the  outer  and  then  the 
inner  fingers  relaxed.  In  this  case  there  was,  undoubted- 
ly, an  inflammatory  swelling  of  the  soft  parts  of  the  right 
half  of  the  neck,  caused  by  the  long-continued  irritation  of 
cold,  which  also  probably  attacked  the  neurilemma  of  the 
brachial  plexus.  As  large  doses  of  quinine,  veratrine  oint- 
ment, and  morphine  injections,  had  not  prevented  a  return 
of  the  painful  paroxysms  and  spasms,  as  warm  baths  had 
quieted  the  cramps  but  for  a  few  hours,  and  as  faradization 
of  the  antagonistic  muscles  repeated  eight  times  had  caused 
a  transient  and  painful  stretching  of  the  fingers,  without, 
however,  producing  any  lasting  result,  Rosenthal  proceeded 
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to  employ  the  continuous  current,  by  leading  stable  plexus- 
nerve-currents  of  eight  and  afterward  of  twenty  of  Daniell's 
elements  through  the  affected  extremity.  On  the  morning 
after  the  third  session,  the  patient  was,  for  the  first  time  in 
two  months,  able  to  use  her  right  hand  in  combing  her  hair. 
Of  the  painful  points,  one  situated  on  the  radial  nerve  be- 
tween the  supinator  longus  and  the  brachialis  anticus,  two, 
placed  in  the  median  and  ulnar  nerves  about  an  inch  above 
the  wrist-joint,  resisted  longest  the  influence  of  galvaniza- 
tion. After  fourteen  applications,  the  neuralgia  was  re- 
moved from  all  points.  The  spasms  of  the  flexor  muscles 
did  not  appear  during  the  galvanic  treatment,  so  that,  at  the 
beginning  of  April,  she  was  enabled  to  reenter  upon  the  dis- 
charge of  her  usual  duties. 

After  she  had  enjoyed  perfect  health  till  the  middle  of 
I^ovember,  the  same  symptoms  reappeared,  in  consequence 
of  the  same  cause ;  namely,  her  washing  again  for  several 
hours  with  cold  water.  The  examination  made  at  the  end 
of  ISTovember  showed  the  symptoms  to  be  exactly  the  same 
as  in  the  first  attack,  except  that  the  spasms  were  more 
severe,  and  usually  existed  for  more  than  twenty-four  hours. 
The  methodical  use  of  the  tepid  and  steam  bath,  as  well  as 
the  employment  of  the  continuous  current,  produced  no 
change  for  the  better  during  the  first  fourteen  days.  Then 
the  inflammatory  symptoms  disappeared,  the  paroxysms 
assumed  a  milder  form,  and  the  patient  felt  easier  after  each 
application,  although  twenty  applications  were  necessary  to 
remove  all  the  painful  points. 

Case  61. — Mrs.  A.,  twenty-eight  years  of  age,  a  healthy, 
strong  blonde,  had  already  in  March,  1866,  while  nursing 
her  third  child,  experienced  frequently  a  feeling  of  weight 
and  numbness  in  the  thumb  and  first  three  fingers  of  the  left 
hand.  Having,  in  the  month  of  June  of  the  same  year,  lost 
two  children  with  the  cholera,  the  morbid  sensation  increased 
in  violence,  and  was  soon  followed  by  a  disturbance  of  the 
motor  power,  so  that  the  hand  when  semiflexed  could  not 


330  NEUEALGIA. 

be  opened  without  great  pain.  Especially  in  the  morning, 
the  hand  was  closed  spasmodically,  no  relaxation  ensuing 
until  some  time  in  the  course  of  the  day.  The  patient  in 
the  mean  time  having  again  been  delivered,  and  also  nursing 
the  child  herself,  the  evil  increased  every  day  in  spite  of  all 
remedies  (narcotic  embrocations,  baths,  etc.),  until  the  13th 
of  August,  1867,  when  the  patient  was  advised  by  Dr. 
"Wolif  to  seek  my  aid.  The  hand  was  half  shut ;  every  at- 
tempt to  open  it  caused  the  most  violent  pain.  Besides  the 
sensation  of  numbness,  the  patient  experienced  a  feeling  as 
if  scalded,  especially  in  the  middle  fingers,  while  anaesthesia 
predominated  more  in  the  thumb  and  index-finger.  The  arm 
was  thicker  above  the  wrist-joint,  and  the  median  nerve  per- 
ceptibly swollen  to  the  extent  of  three-quarters  of  an  inch, 
which  proved  beyond  doubt  a  neuritis  of  the  median  nerve. 
The  conductor  connected  with  the  positive  pole  being  applied 
to  this  spot,  and  the  other  connected  with  the  negative  pole 
placed  upon  the  anaesthetic  fingers,  a  stable  current  of  twenty 
elements  was  passed  for  about  -Hye  minutes.  Having  been 
obliged,  on  account  of  a  journey,  to  interrupt  the  treatment 
after  ten  applications  (August  23d),  the  pain  had  been  di- 
minished very  much  when  trying  to  straighten  the  hand, 
which  now  at  times  opened  spontaneously.  The  swelling 
of  the  arm  and  the  pain  produced  by  pressure  upon  the 
median  nerve  were  less ;  the  thumb  was  entirely  and  the 
ring-finger  tolerably  free  from  pain. 

I  saw  the  patient  again  on  the  10th  of  E'ovember.  She 
had  continued  to  improve ;  the  tenderness  of  the  median 
nerve,  especially  across  the  wrist-joint,  and  the  swelling  ex- 
isting there  before,  had  entirely  disappeared  upon  the  use 
of  the  iod.  of  pot.  ointment.  As,  however,  the  spasm  of 
the  hand,  although  less  severe,  still  continued,  and  the  ab- 
normal sensations  in  the  index  and  middle  finger  also 
existed,  I  tried  to  find  a  second  point  douloureux ;  which 
I  soon  discovered  in  the  shape  of  a  tender  swelling  of 
about  half  an  inch,  at  the  junction  of  the  upper  and  mid- 
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die  third  of  the  humerus.  For  this  swelling  the  same  treat- 
ment was  employed,  with  apparently  so  good  results,  that 
the  patient,  after  fourteen  applications,  considered  herself 
fully  cured  on  December  5th,  and  she  discontinued  the  treat- 
ment against  my  wish,  as  the  swelling  was  not  yet  entire- 
ly removied.  She  put  herself  again  under  my  care.  The 
abnormal  sensations  had  not  returned,  but  the  hand,  and 
especially  the  index-finger,  was  spasmodically  closed  every 
morning  until  10  a.  m.  A  few  more  applications  sufficed 
to  relieve  her  entirely. 

The  following  case  of  tic  douloureux  cured  by  means  of 
the  continuous  current  is  reported  by  Eemak  : 

A  woman  aged  thirty-six  years,  of  healthy  exterior,  who 
was  married  ten  years  since,  but  without  children,  observed 
for  the  last  twelve  years  that  the  right  half  of  her  face  was 
very  sensible  while  washing  it,  and  that  spasms  followed 
upon  her  face  being  touched.  She  thus  continued  for  six 
years,  when  she  felt,  while  walking  on  the  street  one 
day  in  the  summer  of  1856,  as  if  she  had  been  struck 
with  a  club  on  the  right  side  of  her  head.  Upon  looking 
round,  she  was  astonished  to  find  nobody  near  her.  Since 
this  occurrence,  a  very  violent  pain  set  in,  which  usually 
originated  at  the  frontal  bone,  shooting  back  into  the  inte- 
rior of  the  head,  affecting  the  lower  and  upper  margin  of 
the  orbital  cavity,  the  right  half  of  the  tongue,  the  maxil- 
lary bones  and  teeth,  affecting  all  the  parts  supplied  by 
the  trigeminal  nerve  at  once,  or  attacking  them  conseca- 
tively,  for  the  last  six  years,  so  that  she  was  but  for  a  few  in- 
tervals free  from  pain  so  as  to  be  able  to  sleep.  On  the  last 
time  the  pain  had  increased  to  such  a  degree,  that  she  had 
hardly  any  rest  even  for  a  few  minutes.  The  slightest  touch 
on  the  right  cheek,  for  instance,  with  a  handkerchief,  or  a 
movement  of  the  mouth  while  eating  or  speaking,  produced 
a  violent  paroxysm  of  pain.  After  a  few  applications,  Re- 
mak  discovered  that  the  spasm  and  pain  ceased  for  many 
seconds  as  soon  as  he  pressed  the  finger  upon  the  second 
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transverse  process  of  the  corresponding  riglit  side,  but  the 
pain  reappeared  as  soon  as  the  finger  relaxed  or  did  not 
press  upon  one  exactly-defined  spot,  against  which  Remak 
directed  the  treatment  with  considerable  success  from  the 
5th  of  March  until  April,  when  he  was  taken  sick  himself. 

In  the  month  of  June,  the  patient  again  appeared  at  his 
office,  complaining  of  unbearable  pain,  and  again  the  same 
treatment  was  followed  by  a  daily  increasing  improvement. 
Remak  also,  in  July,  discovered  that  from  the  same  spot 
were  produced  diplegic  contractions  in  all  the  muscles  of 
the  right  arm  and  hand,  and  that,  consequently,  the  me- 
dulla spinalis  cervicalis  of  the  right  side  existed  in  a  state 
of  increased  excitability :  one  more  reason  for  persevering  in 
the  same  kind  of  treatment.  After  this  had  been  done  en- 
ergetically for  several  weeks,  the  paroxysms  of  pain  and 
spasm — ceasing  entirely  after  each  application — decreased 
day  by  day  in  strength  and  duration  until  they  nearly  dis- 
appeared in  the  beginning  of  August.  Remak  saw  the 
patient  again  in  August,  1862,  and  in  May,  1864.  She 
was,  and  remained  cured. 


4.  The  constant  galvanic  current  of  a  chain  (for 
instance,  of  a  Pulvermacher's  or  Marie  Davy's,  etc.)  is  em- 
ployed by  Hiftelsheim  *  not  only  at  stated  times,  but  also 
daily  and  nightly  for  weeks  and  months  (unless  particular 
reasons  cause  a  temporary  interruption),  in  such  a  manner, 
that  the  chain,  moistened  with  vinegar,  is  applied  accord- 
ing to  tliQ  seat  of  the  pain,  to  the  forehead,  chest,  hip,  etc. 

We  copy  the  following  observations  from  the  "  Annales 
de  I'Electricite,"  pages  279  and  281 : 

Mrs.  F.,  aged  fifty  years,  suffered,  twelve  years  ago,  from 
a  sciatica  of  the  right  side,  lasting  for  six  months.     Fourteen 

^Annales  de  I'Ectricite  medicale,  1860-61.    Allg.  Wiener,  Med.  Zeitung. 
1865,  No.  8-19. 
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days  ago,  an  attack  ensued  which,  beginning  at  the  hip, 
gradually  extended  to  the  heel,  and  increased  so  much  in 
violence,  that  she  was  prevented  from  walking  or  standing^ 
while  turning  in  bed  became  very  painful.  Hiffelsheim 
began  the  treatment  on  the  27th  of  July,  1867,  by  moistening  a 
chain,  consisting  of  40  elements,  with  equal  parts  of  vinegar 
and  water,  and  then  placing  it  spirally  around  the  thigh. 
On  the  next  morning,  the  patient  declared  she  had  slept 
better,  the  pain  in  the  thigh  had  diminished,  in  consequence 
of  which  she  could  turn  easier  in  bed.  On  August  1st,  pain 
existed  only  in  the  region  of  the  calf;  the  patient  slept  well 
and  sat  up  in  bed.  On  August  2d  she  was  able  to  walk. 
On  the  5th,  after  a  storm,  she  felt  pain  near  the  malleolus, 
which,  however,  disappeared  the  following  day.  On  the 
18th  the  patient  was  discharged  cured. 

L.,  twenty-two  years  of  age,  a  lady's  maid,  delicate  and 
nervous,  was  received  into  the  Charite  on  the  18th  of  August, 
while  suffering  from  typhus.  Four  weeks  afterward,  hav- 
ing hardly  become  convalescent,  she  was  taken  with  a  very 
violent  neuralgia  of  the  trigeminus,  which  extended  over 
the  head  and  face.  The  head  was  so  tender  that  she  could 
neither  raise  it,  nor  shut  the  eyes.  Chewing  and  speaking  were 
equally  impeded.  After  four  days,  the  neuralgia  was  com- 
plicated with  drawing  pain  in  the  ears  and  teeth.  On  the 
25th  of  September  she  came  under  the  treatment  of  Dr.  Hif- 
felsheim, who  found  the  following  symptoms :  the  highest  de- 
gree of  insomnolence,  no  appetite,  fever  at  5  p.  m.  Pressure 
upon  the  points  of  exit  of  all  the  nerves  supplying  the  head 
and  face  was  equally  painful.  A  chain  of  24  elements,  dipped 
into  an  equal  mixture  of  vinegar  and  water,  was  led  from  the 
right  temporal  region,  across  the  cheek  to  the  chin,  a  moist- 
ened compress  having  been  placed  beneath  it.  The  patient 
slept  for  an  hour  during  the  night.  On  the  next  day,  little 
change  had  taken  place,  but  in  the  morning  of  the  27th  the 
pain  became  tolerable ;  the  pain,  however,  jumped  from  one 
place  to  another,  now  from  the  right  to  the  left  side,  now 
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•from  the  temporal  to  the  frontal  region.  For  these  symp- 
toms, H.  applied  the  chain  to  the  several  painful  regions  for 
twelve  hours  in  succession.  On  the  30th  the  patient  had 
one  more  violent  attack  in  the  teeth.  On  the  2d  of  Octo- 
ber a  general  improvement  took  place.  The  violent  parox- 
ysms and  the  perforating  pain  at  the  bottom  of  the  orbital 
cavities  had  ceased.  On  the  3d  of  October  she  considered 
herself  cured,  the  chain  was  removed,  and  the  patient  was 
dismissed  after  the  administration  of  tonics  for  a  few  days, 
for  the  purpose  of  strengthening  her  general  health. 

The  long  duration  of  the  treatment  usually  required  by 
this  method,  as  well  as  the  metastasis  of  the  pain  from  one 
nerve  to  another,  indicates,  with  regard  to  the  discussed 
methods,  the  use  of  the  C07istant  galvanic  current  only  in 
such  cases  where  neuralgic  pains  affect  nervous  individuals 
simultaneously  in  many  nerves^  or  where  the  jpain  fre- 
quently changes  its  jplace. 

B.  Anaesthesia. 

In  ANiESTHESiA  OF  PERIPHERAL  ORIGIN  happening  to  the 
nerves  of  the  skin  in  consequence  of  over-irritation  or  de- 
pression ^(influence  of  a  very  cold  temperature),  or  in  conse- 
quence of  primary  spasms  of  the  arteries,*  or  on  account 
of  rheumatic  influence,  or  by  means  of  a  long-continued 
pressure,  etc.,  as  well  as  in  anaesthesia  following  hysteria, 
where  it  is  caused  by  a  changed  nutrition  of  the  peripheral 
nerves  ;  finally,  in  anaesthesia  of  the  nerves  of  special  sense, 
which  is  produced  by  similar  causes,  also,  by  inactivity  or 
want  of  exercise,  a  cure  may  be  expected  through  the  elec- 
tric current,  as  the  reproduction  of  the  nerves  of  special 
and  general  sense  is  heightened  through  the  increased 
supply  of  blood.  In  anaesthesia  caused  by  a  lesion,  or  sec- 
tion of  the  nerve,  electricity  cannot  give  any  relief,  unless 

*  See  Nothnagel,  Deutsches  Archiv  fur  klinische  Medicin.  Band  ii.,  Heft 
ii.,  page  lYS,  etseq. 
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a  union  of  the  injured  nerve-ends  has  taken  place  by  a 
reproduction  of  the  nervous  fibres — a  fact  the  microscopic 
proof  of  which  occurrence,  Steinriick  first/  and  afterward 
Brown-Sequard,  have  furnished. 

As  soon  as  the  nerve-fibres  have  united,  the  irritability 
of  the  respective  nerves  returns ;  the  power  of  motion,  how- 
ever, is  still  absent,  the  restitution  of  which  is  accomplished 
by  locally  stimulating  means,  and  especially  by  the  employ- 
ment of  the  electric  current.  'No  time  can  be  determined 
during  which  a  regeneration  of  the  power  of  sensation  after 
peripheral  lesions  is  possible.  It  varies  from  four  weeks  to 
three  or  four  years,  and  never  takes  place  in  those  cases  in 
which  the  cicatrix  consists  exclusively  of  fibro-cellular  tissue 
followed  by  no  restoration  of  the  nerve-fibres. 

In  ANiESTHESiA  OF  CENTRAL  ORIGIN,  howcvcr,  the  periph- 
eral employment  of  the  current  is  of  no  use  until  after  the 
removal  of  the  central  cause,  which,  as  will  be  shown  in  the 
chapter  on  paralysis,  is  frequently  accomplished  through  the 
central  employment  of  the  current. 

It  is  important  to  distinguish  between  cutaneous  and 
muscular  anaesthesia  (anaesthesia  cutanea  et  muscularis), 
both  of  which  may  occur  simultaneously,  or  one  after  the 
other.  In  the  former,  the  patient  is  insensible  to  touch 
or  pain,  and  is  unable  to  keep  the  lightest  substance  in 
his  hands ;  neither  can  he  determine  the  probable  weight 
of  a  body — in  the  latter  case,  however,  the  patient  suffering 
from  muscular  anaesthesia  feels  the  touch  or  pain,  but  the 
grasp  of  his  hand  is  powerless ;  he  cannot  hold  even  the 
slightest  body  unless  he  fixes  it  with  his  eyes,  while  those 
suffering  exclusively  from  cutaneous  anaesthesia  may  weigh 
the  gravity  of  a  body  with  the  affected  hand,  but  are  insen- 
sible to  the  superficial  or  deep  touch,  and  unable  to  deter- 
mine the  temperature  of  the  substance  in  contact  with  the 
skin.  On  the  other  hand,  it  is  necessary  to  distinguish  be- 
tween anaesthesia  (insensibility  against  an  impression  caused  , 

*  See  his  Dissertatio  inauguralis  de  nervorum  generatione.    Berol,  1838. 
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by  the  special  sense  against  external  contact),  and  analgesia 
(insensibility  against  pain),  a  difference  caused  jjrobably 
by  a  diminished  sensibility  of  the  superficial  layers  of  the 
skin,  while  the  deeper  ones  may  retain  the  normal  amount, 
or  vice  versa. — In  order  to  form  a  correct  opinion  of  the 
degree  of  diminished  sensibility,  it  is  of  the  greatest  impor- 
tance to  know  the  normal  amount  of  sensibility,  which  has 
been  ascertained  most  carefully  by  E.  H.  Weber,^  with  regard 
to  the  sense  of  touch  and  the  power  of  perceiving  warmth. 
He  found  that  the  clearness  and  keenness  of  the  sense  of 
touch  varied  considerably  in  various  parts  of  the  skin :  thus 
two  points  of  the  compass,  applied  to  the  tip  of  the  tongue, 
could  be  distinguished  as  two  separate  impressions  at  the 
distance  of  i'",  while  the  palmar  surface  of  the  last  phalanx 
of  a  finger  required  a  distance  of  1''',  the  skin  over  the  back 
and  anterior  part  of  the  thigh,  a  distance  of  30'^'.  In  the 
face,  the  acuteness  of  sensation  is  the  less,  the  farther  the 
part  is  from  the  mouth  and  the  median  line.  The  chin  and 
external  surface  of  the  lips  are  provided  with  a  remarkably 
fine  sensitiveness.  Concerning  the  jperception  of  taste ^  the 
experiments  of  A.  Klaatsch  and  A.  Stich  "^  prove  that  only  a 
small  portion  of  about  ^"' ^  extending  around  the  tongue  at 
its  margin  as  well  as  its  root  and  posterior  third,  and  finally 
a  part  of  the  soft  palate  transmit  the  taste. 

"We  refer,  with  regard  to  the  cure  of  anaesthesia  generally, 
to  pages  141,  154,  and  165 ;  the  following  points,  however, 
are  to  be  borne  in  mind :  1.  Where  the  deeper  layers  of  the 
skin,  or  the  muscles,  are  in  a  state  of  anaesthesia,  the  skin  is 
moistened  before  the  brush  is  applied.  2.  With  the  gradual 
return  of  sensibility,  the  strength  of  the  exciting  current  is 
also  gradually  diminished.  3.  Where  anaesthesia  exists 
along  with  other  disturbances  of  nervous  function,  whether 

'  De  pulsu,  resorptione,  auditu  et  tactu.  Annotationes  anatomicae  et  physio- 
logicse.     Lipsise,  1834. 

2  Ueber  die  Geschmacks-Vermittelung,  Virchow's  Archiv,  Band  xiv.,  Heft  iii., 
page  225,  et  se^. 
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hypergestliesia  or  motor  paralysis,  the  anaesthesia  is  first  to  be 
treated,  the  removal  of  which  (see  Case  45,  and  Duchenne's 
case,  page  205)  is  frequently  followed  by  a  spontaneous  dis- 
appearance of  all  the  other  symptoms  of  abnormal  irritation, 
or  depression  of  nerve-power.  4.  In  anaesthesia  existing  in 
consequence  of  a  lesion  or  section  of  nerves,  the  treatment 
by  electricity  is  never  begun  sooner  than  four  weeks  after 
the  accident,  as  this  is  the  shortest  period  during  which  the 
entirely  severed  nerves  will  be  reunited.  5.  Generally  in 
anaesthesia  following  a  peripheral  cause,  the  intermittent 
current  will  give  a  more  favorable  result — if  it  is  desired  to 
employ  the  constant  current,  it  is  best  applied  in  such  a 
manner  that  the  negative  conductor  is  placed  upon  the  anaes- 
thetic portion  of  the  skin,  and  the  positive  upon  the  respec- 
tive nervous  trunk ;  which  being  done,  the  latter  is,  with  a 
slow  kind  of  stroking  motion,  moved  to  the  former.  6. 
Anaesthesia  from  neuritis  usually  disappears  without  any 
local  treatment,  through  the  galvanization  of  the  nerves. 

Case  62. — Albert  Mohricke,  machinist,  thirty-eight  years 
of  age,  found  at  the  beginning  of  May,  while  awaking  during 
the  night,  that  his  right  arm,  which  had  been  hanging 
over  the  back  of  a  chair  on  his  bed,  was  paralyzed  from  the 
shoulder  down  to  the  hand,  motionless,  benumbed,  and  pain- 
ful. The  paralysis  appeared  the  same  night,  soon  after  the 
arm  had  been  placed  in  a  proper  position,  but  he  noticed 
the  following  morning  that  the  ulnar  side  of  his  forearm 
and  hand  was  anaesthetic  to  such  a  degree  that  neither  the 
prick  of  a  needle,  nor  a  red-hot  coal  falling  upon  it,  produced 
the  slightest  pain,  and  that  the  involuntary  motion  of  the 
last  three  fingers  was  made  but  imperfectly. 

After  the  long-continued  and  useless  employment  of  an 
irritating  liniment,  the  patient  was  placed  under  my  care  by 
Dr.  Carl  Hoffmann,  for  the  purpose  of  being  treated  by 
electricity.  On  examining  the  patient  on  the  19th  of  June, 
I  found  the  ulnar  side  of  the  forearm  absolutely  insensible  to 
the  prick  of  a  needle ;  the  same  state  existed  on  the  dorsal, 

22 
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palmar,  and  lateral  surfaces  of  the  little  and  ring-fingers,  and 
the  ulnar  side  of  the  index  finger.  Mohricke  complained  of 
a  sensation  of  cold,  numbness,  and  weight  in  the  paralyzed 
parts ;  the  temperature  of  the  hand  was  perceptibly  reduced, 
the  paralyzed  muscles  of  the  hand,  especially  the  interos- 
seous muscles,  began  to  be  atrophied.  "We  had  evidently  to 
do  with  an  ansesthesia  of  the  principal  trunks  of  the  ulnar 
nerve,  and,  as  a  consequence,  with  a  paralysis  and  atrophy  of 
the  interosseous,  abductor,  and  opponens  digiti,  and  accord- 
ingly we  faradized  the  anaesthetic  portions  of  the  skin  and 
the  atrophied  muscles.  The  result  was  satisfactory  through- 
out. The  patient  had  already,  after  the  fifth  employment  of 
the  apparatus,  a  clear,  although  still  benumbed  feeling,  on 
touching  the  formerly  anaesthetic  portions  of  skin.  At  the 
same  time,  the  temperature  increased,  while  the  motion  of 
the  fingers  also  became  easier.  In  this  case  it  was  in- 
teresting to  observe  the  return  of  sensibility  progress  from 
the  peripheral  borders  toward  the  centre.  Thus  the  points 
of  the  fingers  and  the  middle  of  the  forearm  had  already 
recovered  their  sensibility,  while  those  portions  of  the  skin 
situated  over  the  inferior  part  of  the  ulna  and  metacarpal 
bone  of  tlie  little  finger  were  still  void  of  sensibility.  After 
twelve  applications,  the  anaesthesia,  together  with  all  its 
consecutive  symptoms,  was  entirely  removed. 

Case  63. — Mrs.  Charlotte  Schulz,  aged  forty-three  years, 
always  healthy,  and  with  normal  catamenia,  contracted  while 
washing,  in  the  month  of  l^ovember,  1850,  a  severe  cold. 
^^Teuralgic  pains  affected  the  neck  and  right  arm,  which  were 
followed  afterward  by  complete  paralysis  of  these  parts.  The 
patient,  after  having  used  various  internal  and  external  rem- 
edies, came,  in  the  month  of  May,  to  Professor  Romberg's 
clinic.  At  that  time,  the  arm  had  again  become  movable, 
but  she  now  complained  of  a  feeling  of  numbness  and  insen- 
sibility in  the  right  cheek.  A  closer  examination,  by  the  in- 
troduction of  needles,  showed  the  insensibility  to  exist  in 
the  skin  over  the  temporal  region,  the  upper  eyelid,  the 
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frontal  region,  in  the  tongue,  in  the  floor  of  the  mouth,  in 
the  gums,  the  lower  lip,  in  the  skin  covering  the  right  half 
of  the  face,  as  well  as  in  the  skin  of  the  posterior  portion 
of  the  head  and  neck,  while  the  mucous  membrane  of  the 
nose  on  the  same  side  was  sensible  to  a  certain  although 
diminished  degree.  This  consequently  proved  to  be  a  com- 
plete anaesthesia  of  the  first  and  third  branch  of  the  trigemi- 
nus, and  also  of  the  occipital  and  subcutaneous  nerves  of 
the  posterior  branches  of  the  first  four  cervical  nerves,  to- 
gether with  an  incomplete  anaesthesia  of  the  second  branch 
of  the  trigeminus.  Headache  was  nof  present,  but  fre- 
quently a  painful  burning  sensation  was  felt  in  the  right  eye 
and  in  the  mouth.  The  seat  of  the  disease,  therefore,  had  to 
be  sought  for  in  the  common  place  of  origin  of  the  upper 
cervical  nerves,  and  of  the  trigeminus  at  the  superior  cervi- 
cal portion  of  the  spinal  marrow.  Cups  were  applied  to  the 
neck,  followed  by  iodine  ointment,  iod.  of  pot.  was  adminis- 
tered internally,  and  warm  baths  afterward  ordered. 

This  treatment  was  continued  till  August  2d,  when  the 
anaesthesia  of  the  right  side  of  the  face  had  disappeared,  a 
feeling  of  cold  remaining.  The  patient  also  complained  of 
a  constant  bitter  taste  in  the  right  half  of  the  tongue,  of  a 
feeling  of  burning  in  the  tip  of  the  tongue  and  in  the  mem- 
branes of  the  right  eye,  and  also  a  feeling  as  if  water  escaped 
continually  from  the  dry  eye.  The  power  of  vision  was  also 
diminished  in  the  affected  eye,  so  that,  the  left  being  closed, 
every  thing  appeared  as  if  covered  by  a  veil.  The  anaesthe- 
sia of  the  cervical  nerves  still  remained.  After  the  electric 
brush  had  been  applied  three  times,  the  anaesthesia  of  the 
cervical  nerves  was  entirely  removed,  the  veil  before  the 
right  eye  and  the  bitter  taste  also  disappeared,  while  only  a 
sensation  of  weight  in  the  formerly  insensible  places,  and  the 
burning  in  the  eye  and  tip  of  the  tongue,  remained.  These 
abnormal  sensations  disappeared  after  the  sixth  application, 
and  the  patient  was  dismissed,  cured,  on  August  13th. 

"We  are  indebted  to  the  kindness   of  Dr.  Klaatsch,  for 
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the  following  case  from  the  clinic  of  Privy-Councillor  Rom- 
berg : 

In  June,  1856,  the  Widow  Ringe,  aged  fiftj-three  years, 
applied  for  aid  at  Romberg's  clinic.  Her  complaints  were 
manifold,  without  being  exactly  defined.  She  said  that  for 
some  time  her  general  health  had  become  weaker,  she  was 
unable  to  work  or  walk  long,  her  hands  and  feet  soon  get- 
ting tired.  She  had  a  feeling  of  lameness  all  over  her  body, 
while  her  taste  had  become  weak  and  indistinct.  She  also 
maintained  that  she  had  suffered  for  several  years  from  vio- 
lent neuralgic  pains  in  the  head,  frequently  changing  their 
seat,  and  causing  the  sensation  of  serpentine  movements.  On 
inquiring  about  her  appetite,  she  declared  that  she  always  was 
iiungry,  and  never  felt  satisfied,  however  much  she  ate.  She 
thought  her  complaint  was  caused  by  the  frequent  colds  and 
drenchings  which  she  could  not  avoid  in  her  occupation  as  a 
laundress.  The  temperature  influenced  her  health  greatly, 
stormy  weather  always  increasing  her  pain.  Otherwise  all 
the  functions  were  normal,  menstruation  having  ceased  three 
years  ago.  She  had  been  confined  nine  times,  and  had  never 
been  seriously  ill.  As  far  as  could  be  ascertained,  she  had 
no  hysterical  symptoms. 

A  careful  investigation  of  the  patient  led  to  the  discovery 
of  a  considerable  decrease  of  sensation.  The  feeling  of  pain 
had  disappeared  all  over  the  skin,  and  in  all  the  mucous 
membranes  accessible  to  examination,  so  that  deep  prickings 
with  a  pin  produced  not  the  slightest  pain,  either  on  the  sur- 
face of  the  body  or  in  the  oral  and  nasal  cavities.  Chemi- 
cally irritating  substances  were  equally  indifferent  to  her. 
Although  the  patient^  when  smelling  caustic  ammonia,  or 
acetic  acid,  noticed  something  sharp  going  up  her  nose,  yet 
she  felt  no  pain,  and  could  bear  acrid  vapors  for  any  length 
of  time.  .  The  eyes  became  red  and  watery,  but  active ; 
subjective  symptoms  failed.  The  mucous  membrane  of  the 
larynx  and  lungs  was  equally  insensible,  the  inspiration  of 
ammonia  vapors  causing  no  cough.     A  high  temperature 
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aroused  the  general  sensation.  The  patient  having  put  her 
fingers  into  hot  water,  kept  them  there  quietly  for  three  sec- 
onds, after  which  time  she  took  them  suddenly  out,  remark- 
ing that  the  water  was  "  very  hot."  She  put  her  fingers 
into  water  at  a  temperature  of  60°  R.,  without  finding  it  too 
warm. 

The  feeling  of  touch  had  not  suffered  in  the  same  degree 
as  the  general  sensation,  although  softly  touching  and  strok- 
ing the  skin  and  mucous  membranes  was  not  perceived  by 
the  patient,  who  also  was  unable  to  distinguish  by  the  touch 
whether  a  substance  had  a  smooth  or  rough  surface,  yet  a 
stronger  pressure  with  a  dull  object,  or  pricking  the  skin 
with  a  needle,  was  not  only  felt  by  her,  but  she  could  also 
pretty  certainly  designate  the  place  thus  touched.  She 
could  also  distinguish  two  impressions  made  upon  two  dif- 
ferent places  of  the  skin,  and  tell  whether  she  had  been 
touched  on  one  or  two  places.  The  distance  necessary  for 
the  two  points  of  the  compass  to  be  perceived  as  two  sepa- 
rate impressions,  was  greater  than  the  one  ascertained  as 
normal  in  the  healthy  skin  by  E.  II.  Weber.  It  amounted 
to  one-third  on  the  right  and  to  one  inch  on  the  left  side  of 
the  face,  on  the  forehead  to  one  inch  on  the  right  and  left 
side ;  on  the  last  phalanx  of  the  index-finger,  one  inch ;  on 
the  extensor  side  of  the  forearm  in  the  transverse  diameter, 
two  inches  ;  on  the  longitudinal  diameter,  three  inches ;  on 
the  flexor  side  of  the  forearm,  two  inches ;  on  the  neck  four ; 
on  the  lower  part  of  the  thigh,  two  and  a  half  inches. 
The  sense  of  smell  was  entirely  extinct ;  she  could  smell 
neither  ethereal  oils  nor  assafcetida.  The  taste  still  con- 
tinued in  a  low  degree.  A  strongly  concentrated  solution 
of  extract  of  quassia  having  been  spread  extensively  over 
her  tongue,  she  pronounced  it,  after  a  long  period,  as 
"  somewhat  bitter."  The  muscular  feeling  had  not  suffered. 
She  nearly  correctly  ascertained  the  weight  of  substances 
held  in  her  hand.  The  patient  was  also  able  to  distinguish 
smaller  substances  from  greater  ones  by  touching  them  with 
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her  hand,  even  if  they  did  not  differ  very  materially  in  size. 
She  could  quickly  and  surely  place  the  finger  or  toes  upon 
any  given  point. — Her  affection  consequently  was  an  exten- 
sive ansesthesia  of  the  skin,  and  an  analgesia,  also  a  com- 
plete anaesthesia  of  the  olfactory  nerve,  and  of  the  gastric 
portion  of  the  par  vagus,  and  finally  a  paralysis  of  the  glosso- 
pharyngeal nerve. 

The  treatment  was  begun  with  the  use  of  Eussian  vapor- 
baths,  which,  however,  did  not  have  the  slightest  influence 
upon  the  anoesthesia.  Then  the  electric  brush  was  em- 
ployed. In  applying  this,  the  patient  felt  nothing  in  the 
beginning ;  after  a  minute  she  perceived  a  burning  sensation, 
which  increased  to  a  violent  pain.  After  the  brush  had 
acted  for  a  short  period,  the  places  touched  by  it  became 
sensible  to  the  prick  of  a  needle.  The  electric  brush  was 
applied  to  limited  parts  of  the  neck  and  face.  After  four 
applications,  the  patient  was  again  carefully  examined  with 
regard  to  her  sensibility,  when  it  appeared  that  not  only  the 
electrified  spots,  but  also  her  whole  body,  had  become  al- 
most entirely  normal.  She  perceived  everywhere  the  prick 
of  a  needle  as  painful,  and  was  able  to  distinguish  smooth 
from  rough  surfaces  by  touching  them.  The  distance  at 
which  the  two  points  of  the  compass  had  to  be  applied,  in 
order  to  produce  two  separate  impressions,  was  only  a  little 
farther  than  those  ascertained  by  Weber  as  being  normal. 
'Now  she  could  no  more  bear  the  inhalation  of  ammoniacal 
vapors,  but  turned  her  head  away  as  soon  as  they  were  held 
under  her  nose.  The  feeling  of  excessive  and  insatiable 
hunger  was  gone ;  the  painful  sensations,  winding  serpent- 
like from  one  limb  to  another,  had  also  disappeared.  She 
now  was  again  enabled  to  work  with  her  hands,  which  she 
could  not  do  before,  not  so  much  on  account  of  the  want  of 
muscular  power,  q-s  in  consequence  of  the  absence  of  sensi- 
bility. 

Case  64. — Carl  M.,  aged  nine  years,  of  a  rather  scrofu- 
lous diathesis,  a  lively  and  smart  boy,  showed  suddenly,  in 
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May,  1862,  signs  of  difficult  hearing,  which  frightened  his 
relatives,  the  more  as  already  several  members  of  the  fam- 
ily suifered  from  a  similar  difficulty.  Dr.  Ehrhard,  be- 
ing of  the  opinion  that  the  evil  was  a  rheumatic  affection, 
as  the  examination  of  the  ear  showed  no  disease,  ordered 
corrosive  sublimate  and  baths  of  potash.  After  eight  days, 
the  little  patient  could  hear  even  a  low  conversation,  mu- 
sical sounds,  rappings,  etc. ;  however,  he  heard  but  very 
little.  Iodide  of  potassium  was  now  substituted,  and  the 
potash-baths  continued,  l^ow  this  peculiar  symptom  ap- 
peared, that  the  baths  had  no  action  on  the  skin,  while  in 
the  first  week  they  produced  a  copious  diaphoresis  ;  yet,  the 
perception  of  spoken  words  improved,  while  other  sounds 
were  absolutely  unheard.  The  vibrating  tuning-fork,  held 
against  the  skin,  produced  no  sensation ;  its  application  to 
the  thorax  caused  the  surprising  discovery  that  there  was  an 
anaesthesia,  not  only  of  the  whole  face,  but  also  of  the  whole 
body,  especially  of  the  upper  portion.  As  the  continued 
administration  of  the  above-mentioned  remedies  brought 
about  no  change,  on  the  14th  of  July,  upon  the  advice  of 
Privy-Councillor  Romberg,  my  aid  was  sought  with  regard 
to  the  application  of  electricity.  One  application  of  the 
electric  brush  to  the  face,  forearms,  and  hands,  sufficed  to 
remove  the  anaesthesia  in  its  whole  extent,  and  with  it  also 
to  relieve  the  difficulty  of  hearing.  The  increased  tempera- 
ture of  the  skin  following  this  operation,  and  the  free  per- 
spiration now  ensuing  each  time  after  the  use  of  a  potash- 
bath,  caused  in  a  short  time  a  complete  restoration  of  the 
sense  of  hearing,  so  that  the  patient  could  perceive  both 
words  and  sounds  as  well  ad  ever. 

'  Duchenne  has,  in  a  large  number  of  cases  of  so-called  ner- 
vous deafness  (where  during  life  no  organic  changes  could 
be  proved),  happening  sometimes  in  hysterical  persons,  also 
after  measles,  scarlatina,  and  typhus,  obtained  an  improve- 
ment, or  even  a  cure,  through  the  employment  of  the  inter- 
mittent current.     For  this  purpose,  after  having  introduced 
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a  wire,  isolated  up  to  the  point,  into  the  meatus  auditorius 
externus,  filled  half  with  tepid  water,  and  applying  the 
second  conductor  to  the  mastoid  process,  he  allowed  a  weak 
current  to  act  for  a  few  minutes.  The  sensation  of  taste, 
felt  in  the  tongue  during  the  operation,  which  he  considers 
a  sign  of  the  integrity  of  the  chorda  tympani,  and  the  noise 
originating  in  the  inner  part  of  the  ear  after  each  intermis- 
sion, which,  according  to  Duchenne,  is  caused  by  the  vibra- 
tion of  the  tympanum,  the  ossicula  auditoria,  and  the  mem- 
brane of  the  fenestra  ovalis,  are  valued  by  him  as  prognosti- 
cally  favorable  symptoms.  He  also  was  so  fortunate  as  to 
relieve,  by  the  method,  a  few  cases  of  deaf-mutism  considera- 
bly, and  to  cure  almost  entirely  one  (page  1015),  a  short  his- 
tory of  which  follows : 

A  boy,  eight  years  of  age,  deaf  and  dumb  from  birth,  of 
whom  at  least  the  presence  of  the  sense  of  hearing  could 
never  be  ascertained  to  any  extent,  was,  in  1856,  put  under 
Duchenne's  care  for  relief  from  this  affection.  On  inquiring 
into  the  history,  Duchenne  found  that  the  boy  heard  neither 
loud  shouting  nor  the  striking  of  a  loud  alarm-clock  even  if 
made  close  to  his  ears,  neither  did  he  perceive  the  sound  of 
a  tuning-fork  held  against  the  cranial  bones.  He,  therefore, 
began  the  treatment  with  but'  slight  hopes.  After  the  first 
application,  the  boy  seemed  to  hear  the  sound  of  the  tuning- 
fork  on  the  left  side,  while  the  right  side  remained  insensible ; 
on  the  following  day  a  hand-organ,  playing  in  the  yard,  ex- 
cited him  greatly.  After  the  seventh  application,  he  heard 
vowels  pronounced  close  to  his  left  ear,  and  repeated  them 
distinctly,  although  with  difficulty.  The  distinction  between 
the  e  and  i  was  especially  troublesome.  After  the  twelfth  ap- 
plication, he  heard  with  both  ears  not  only  the  tuning-fork 
and  the  striking  of  the  alarm-clock,  but  also  its  ticking,  and 
that  too  at  a  distance  of  several  centimetres.  At  the  same 
time  the  whole  nature  of  the  boy  changed ;  having  been  wild 
and  unmanageable,  he  now  became  more  quiet  and  docile. 
After  the  twentieth  application,  in  which  the  patient  learned 
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to  pronounce  the  words  "  papa,"  "  mamma,"  "  bon  bon,"  the 
treatment  was  suspended.  In  April,  1857,  the  patient  was 
again  placed  under  Duchenne's  treatment ;  the  results  gained 
before  were  not  only  preserved,  but  he  had  also  made  further 
advancement.  The  boy,  having  been  a  member  of  a  sing- 
ing-class, tried  to  repeat  the  musical  sounds,  he  knew  and 
pronounced  all  the  letters  of  the  alphabet,  began  to  spell, 
asked  for  bread,  water,  etc. ;  his  voice  had  no  more  the  gut- 
tural sound  peculiar  to  persons  deaf  and  dumb  from  birth ; 
he  turned  his  head  in  the  direction  whence  his  name  was 
called,  etc.  A  new  course  of  treatment,  comprising  thirty 
sessions,  was  now  begun,  during  which  such  favorable  prog- 
ress was  made  that  a  governess  was  engaged  for  the  boy's 
education,  who  was  required  to  make  herself  understood  only 
through  the  sense  of  hearing.  After  a  year  (May,  1858),  the 
boy  read  fluently  and  wrote  a  plain  hand  ;  his  pronunciation 
was  distinct,  although  a  little  hasty ;  on  entering,  he  greeted 
Duchenne  with  the  words,  "  Bon  jour.  Monsieur  le  Docteur 
Duchenne  de  Boulogne ; "  on  leaving,  he  said,  "  Adieu." 
He  asked  for  every  thing  he  wanted,  inquired  the  appel- 
lation of  things  unknown  to  him,  and  retained  the  newly- 
learned  words  very  readily.  Although  the  last  thirty  appli- 
cations still  improved  his  hearing,  it  was  not  to  such  a  re- 
markable extent  as  the  former  applications. 


B.  Schulz  ^  first  directed  attention  toward  the  fact  that 
some  cases  of  impotence  are  characterized  by  a  dimin- 
ished electro-cutaneous  sensibility  of  one  (mostly  the  left) 
half  of  the  glans  and  prepuce,  and  that  in  these  cases  the 
impotence  disappears  with  the  removal  of  the  anaesthesia 
through  the  continued  employment  of  the  electric  brush.' 

*  See  Heilung  der  Impotenz  mittelst  Eledricitat  in  the  Wiener  Med.  Woehen- 
schrift,  1854  and  1861. 

2  Besides  those  cases  of  impotence  connected  with  anaesthesia,  the  induc- 
tion current  is  also  used  with  advantage  in  such  cases  where  atony  of  the  bulbo- 
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He  uses  the  following  method :  A  brush,  connected  with 
one  conductor  of  the  induction  apparatus,  is  placed  upon  the 
several  anaesthetic  points  for  from  one  to  two  minutes,  while 
the  other  conductor  is  either  applied  by  the  patient  himself 
upon  any  portion  of  the  body  or  is  introduced  into  the 
rectum,  isolated  up  to  the  point.  Schulz  communicates  the 
following  case  pertaining  to  this  category : 

Mr.  S.,  forty-three  years  of  age,  married,  a  man  occupied 
with  governmental  duties  and  scientific  pursuits,  of  a  slender, 
yet  healthy  constitution,  complained  of  nothing  else  but  a 
hsemorrhoidal  affection,  and  a  frequently-returning  sciatica. 
From  his  early  youth  given  to  serious  studies,  he  could  not 
devote  sufficient  time  to  satisfying  the  sexual  instinct ;  he 
did  not,  however,  neglect  altogether  its  peremptory  calls. 
About  two  years  ago,  after  having  indulged  more  than  usu- 
ally this  desire,  he  noticed  a  decrease  of  the  strength  of  the 
erections  to  such  an  extent  as  to  render  cohabitation  impos- 
sible.    Abstinence,  practised  for  more  than  a  year,  causing 

cavernosus  and  ischio-cavernosus  muscles  causes  insufficient  erections  and,  con- 
sequently,  impotence,  or  where  the  latter  depends  upon  a  relaxation  of  the 
seminal  vesicles  and  of  the  ejaculatory  duct.  In  the  latter  case,  Duchenne, 
after  introducing  one  excitator  up  to  the  verumontanum  and  applying  the  other 
to  the  perinseum,  allows  a  current  of  medium  strength  to  act  for  several  min- 
utes. I  have  also  obtained  splendid  results  with  the  electric  brush  in  those 
cases  of  impotence  arising  so  frequently  from  hypochondriasis. 

The  constant  current,  however,  is  indicated  in  those  cases  in  which  a  hy- 
peresthesia of  the  respective  portions  of  the  skin  is  combined  with  excessively 
frequent  pollutions,  or  where  the  ejaculations  happen  prematurely.  In  such 
cases  a  constant  current  of  from  fifteen  to  twenty  of  Daniell's  elements  is  passed 
through  the  spinal  column  from  its  middle  portion  to  the  os  sacrum  for  three 
to  four  minutes  ;  then  the  positive  pole  is  placed  upon  the  perinseum,  and  the 
negative  pole  upon  the  glans,  or,  gradually  progressing,  upon  the  dorsum  in 
such  a  manner  that  the  whole  time  of  the  application  amounts  to  about  eight 
minutes.  I  shall  here  relate  the  case  of  a  young  Rabbi  who,  probably  in  con- 
secfUence  of  former  self-abuse,  suffered  from  pollutions  occurring  repeatedly 
every  night,  which  diminished  his  physical  and  moral  power  to  such  an  extent 
as  to  render  him  unfit  for  the  further  administration  of  his  office.  A  treatment 
of  five  to  six  weeks  sufficed  to  reduce  the  number  of  pollutions  to  one,  or,  at 
the  highest,  two  per  week,  and  to  allow  him  to  reenter  upon  his  official  duties. 
I  saw  him  two  years  after,  a  happy  husband,  and  father  of  one  child. 
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no  change,  the  patient  applied  to  Dr.  Schulz  for  medical  aid, 
who  discovered,  besides  the  symptoms  of  anaesthesia,  con- 
siderable varicosities  of  the  testes  and  anus.  After  using  the 
brush  for  four  months,  the  patient  was  cured,  the  erections 
again  became  strong,  and  cohabitation  satisfactory,  the 
above-mentioned  varicosities  disappearing  at  the  same  time. 


We  must,  finally,  mention  a  peculiar  form  of  anaesthesia 
which  first  has  been  thoroughly  examined  by  Nothnagel  (Z.  c.) 
under  the  name  of  "vaso-motor  neuroses."  According  to 
his  opinion,  they  are  caused  by  a  spasm  of  the  arteries  and 
a  diminished  supply  of  arterial  blood  in  consequence.  Such 
cases  are  cured  by  the  employment  of  the  induced  current 
in  the  shape  of  the  electric  brush,  as  well  as  by  the  stable 
constant  current.     Nothnagel  reports  the  following  case  : 

II.  S.,  a  servant-woman,  thirty-seven  years  of  age, 
had  suffered  for  ten  years  from  a  frequently-recurring  sen- 
sation of  numbness  of  both  hands  and  forearms,  preventing 
her  from  working.  Six  months  ago,  pains  supervened  with- 
out any  known  cause,  which  increased  very  much  in  vio- 
lence during  the  last  five  weeks.  On  her  reception,  patient 
complains  of  a  feeling  of  stiffness  and  formication  in  both 
hands,  with  pain  in  her  hands  and  forearms.  The  formica- 
tion and  the  numbness  disappear  almost  entirely  after  hard 
work,  but  return  as  soon  as  the  hands  are  at  rest,  often 
increasing,  especially  in  the  night,  to  an  intolerable  degree. 
The  first  and  second  fingers  of  either  hand  are  most  affected, 
those  of  the  right  hand  more  than  those  of  the  left.  When 
this  affection  is  at  its  height,  these  fingers  are  white,  and 
not,  like  the  others,  red.  This  paleness  is  the  most 
conspicuous  in  the  morning  soon  after  rising,  lasting  some- 
times for  an  hour,  sometimes  for  a  shorter  period.  Inspec- 
tion and  palpation  of  the  affected  parts  show  nothing  ab- 
normal in  the  interval.     Sensibility  to  the  prick  of  a  nee- 
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die  and  electro-cutaneous  sensibility,  also  perception  of  tem- 
perature, are  somewhat  blunted,  in  both  hands  and  fore- 
arms, but  more  so  on  the  right  than  on  the  left  side.  Tem- 
perature on  the  right  35.5°,  on  the  left  36.3°.  The  constant 
current  was  so  used  that  the  positive  pole  of  a  battery, 
consisting  of  10  to  20  elements,  was  placed  upon  the  brachial 
plexus  of  either  side,  and  the  negative  pole  upon  the  neck, 
thus  allowing  the  current  to  pass  through  steadily  for  from 
three  to  eight  minutes.  After  sixteen  applications  the  pa- 
tient was  cured. 

On  page  188,  ITothnagel  communicates  a  case  differing 
from  the  one  just  mentioned,  in  the  seat  and  extent  of  the 
affection,  for  here  disturbances  of  coordination  were  present 
in  consequence  of  the  diminished  sensibility  of  the  hands 
and  feet,  as  is  characteristic  of  gray  degeneration  of  the 
posterior  roots.  All  motions  were  perfect,  as  soon  as  the 
eyes  compensated  the  want  of  the  sense  of  touch.  Electro- 
cutaneous  flagellation,  foot-baths  with  mustard,  scrubbing 
of  the  skin,  etc.,  produced  a  complete  cure. 


C,  Sjpasms. 

Romberg  ^  designates  enhanced  excitability  and  increased 
irritation  of  the  motor  nerves  as  the  common  character  of 
spasms — muscular  contractions  of  an  either  frequently- 
changing  or  a  continued  type — clonic  or  tonic  spasms  as  the 
expression  of  this  irritation.  Only  the  tonic  spasms  ap- 
pear to  be  continuous ;  actually,  they  are  composed  of  an 
infinitely  large  number  of  contractions  rapidly  following 
each  other.  Transient  contractions  are  convulsions  ;  if  they 
occur  in  a  still  weaker  degree,  trembling  ensues ;  permanently 
remaining  contractions  are  denominated  contractions. 

All  central  or  peripheral  irritations  of  motor  nerves, 
either  directly  or  by  reflex  action,  may  cause  spasms.    Their 

'  On  Nervous  Diseases,  3d  edition,  vol.  ii.,  page  335. 
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occurrence  is  facilitated  tlirough  the  circumstance  that  the 
irritation  may  be  transmitted  from  one  cerebral  half  to  the 
other,  that  it  is  conveyed  in  the  spinal  marrow,  not  only  in 
the  longitudinal,  but  also  in  the  transverse  direction  by 
means  of  the  ganglionic  cells  of  the  gray  substance ;  finally, 
because  general  spasms  can  be  produced  from  every  point 
of  the  spinal  marrow,  as  is  proved  by  Weber's  experiments 
with  the  rotation-apparatus.  The  occurrence  of  spasms  is  also 
favored  by  an  abnormal  irritability  of  the  nerves  and  spinal 
marrow,  existing,  congenital  or  acquired,  in  many  individu- 
als, and  depending  almost  always  upon  anaemia.  The  spinal 
marrow  may  be  the  source,  or  it  may  transmit  spasm,  either 
as  the  organ  conveying  irritations  of  sensible  origin  (irrita- 
tions of  motor  origin  almost  always  terminate  in  paralysis), 
or  in  consequence  of  the  increase  of  its  independent  motor 
activity,  as  in  chorea,  or  finally  by  its  manifold  connections 
with  the  sympathetic  system. 

All  those  spasms  are  decidedly  unsuitable  for  electric 
treatment  which  are  caused  by  a  deep  disturbance  of  nutri- 
tion of  the  brain  and  spinal  marrow,  or  their  bony  cov- 
erings (meningitis,  encephalitis,  myelitis,  tumors,  etc.);  or 
by  plethora,  or  congestions  toward  the  central  organs ;  also 
those  reflex  spasms  caused  by  dislocations  or  other  diseases 
of  the  uterus  or  ovaries,  etc. ;  or  finally  the  contractions  re- 
sulting from  cerebral  hemiplegias  and  maintained  by  cere- 
bral irritation. 

The  employment  of  the  electric  current,  however,  is  indi- 
cated in  the  removal  of  those  spasms  developed  gradually  in 
consequence  of  a  continued  local  irritation  (spasmus  facialis 
after  photophobia,  vocal  spasm  after  pertussis),  or  in  those 
caused  by  over-exertion  of  single  muscles,  or  by  neuritis  (sev- 
eral forms  of  wi'iter's  paralysis),  also  in  those  forms  of  trem- 
bling which  accompany  poisoning  by  lead  or  mercury,  or 
which  appear  locally  as  symptoms  of  nervous  irritability. 
Contractions  which  aifect  healthy  muscles  in  consequence  of 
a  paralysis  of  their  antagonists,  or  which  suddenly  appear 
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through  rheumatic  influences  or  through  over-exertion,  or 
those  resulting  from  the  reflex  action  of  painftiUy-affected 
articulations  ;  finally  some  kinds  of  spasms  depending  upon 
an  affection  of  the  sympathetic  system  (spasmus  facialis  from 
irritation  of  the  cervical  ganglia  of  the  sympathetic),  etc.,  are 
benefited  by  the  electric  treatment. — I  have  also  seen  good 
results  obtained  from  the  employment  of  electricity  in  a 
number  of  cases  of  chorea  after  the  acute  stage  had  been 
passed. 

The  electric  current  exerts  here  a  sanative  influence, 
inasmuch  as  its  use  in  spasms,  depending  upon  asthenia, 
anaemia,  or  nervous  irritability,  increases  the  supply  of  blood 
to  the  weakened  muscles,  thereby  improving  their  nutrition, 
and  thus  rendering  them  not  only  fit  for  their  normal  func- 
tions, but  also  giving  them  a  greater  power  of  resistance 
against  external  influence.  For  these  purposes  both  the 
interrupted  and  constant  current  may  be  employed.  Those 
contractions,  resulting  from  a  paralyzed  condition  of  the 
antagonistic  muscles,  naturally  require  an  exciting  current, 
either  the  intermittent  or  the  constant  stable  one,  to  be 
directed  toward  the  paralyzed  muscles,  while  those  muscles 
affected  and  contracted  by  rheumatism  will  be  more  suitably 
relaxed  with  a  constant  and  stable  current  of  medium 
strength,  or  by  single  shocks. 

Equally  favorable  results  were  also  obtained  from  these 
electric  shocks  in  chorea,  by  applying  large  conductors  to  the 
cervical  and  lumbar  portions  of  the  spinal  column,  probably 
on  account  of  their  directly  reducing  the  irritability  of  the 
spinal  marrow.  It  is  often  difficult,  in  reflex  spasms,  which 
so  frequently  come  under  medical  treatment,  to  discover 
and  attack  the  real  starting-point  of  the  affection,  yet  the 
success  of  the  treatment  depends  entirely  upon  it.  Some- 
times it  is  possible  to  find  regions  or  points  tender  by  being 
touched  or  pressed  upon,  against  which  then,  by  way  of 
trial,  the  treatment  must  be  especially  directed,  by  applying 
to  them  the  positive  pole  of  the  battery,  while  the  negative 
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pole  is  placed  upon  any  other  remote  spot.  The  ganglia  of 
the  great  sympathetic  appear,  in  some  cases,  to  be  especially 
such  tender  points,  the  influence  of  which  system  upon  the 
voluntary  muscles  can  hardly  be  doubted,  since  late  re- 
searches have  successfully  proved  the  intermixture  of  vaso- 
motor nerve-tubules  with  motor  and  sensitive  nerve-fibres  in 
a  considerable  number  of  motor  and  mixed  nerves.  Remak, 
especially,  having,  in  an  interesting  treatise  on  "  spasm  of 
the  facial  muscles,"  ^  pointed  out  the  cervical  ganglia  of  the 
sympathetic  system  as  the  frequent  starting-points  of  this 
affection,  succeeded  in  curing  it  through  the  galvanic  treat- 
ment. 1^0  successful  result  can  be  obtained  from  the  em- 
ployment of  electricity  in  paralysis  agitans,  by  reason  of 
the  anatomical  changes  found  in  the  brain  and  spinal  mar- 
row after  death ;  yet,  if  the  case  be  recent,  and  trembling 
restricted  to  one  extremity,  the  use  of  the  spinal  marrow- 
root  current  in  such  manner  as  to  apply  the  copper-pole  to 
the  spinal  marrow,  and  drawing  the  zinc-pole  slowly  along 
the  corresponding  nervous  roots  on  its  side,  the  trembling 
may  be  diminished,  and  the  functional  power  of  the  extrem- 
ity increased. 

In  irritable  individuals  it  is  especially  necessary  to  begin 
the  treatment  with  very  weak  currents  and  to  continue  them 
for  a  short  period,  with  intermissions  of  from  one  to  two 
days,  otherwise  the  local  spasms  may  become  general,  or 
even  turn  into  the  most  frightful  convulsions.  On  the  whole, 
it  will  be  more  suitable,  in  such  cases,  to  precede  the  use  of 
electricity  by  the  employment  of  remedies  causing  a  strong 
derivation  upon  the  intestinal  canal,  or  having  a  directly 
sedative  influence  upon  the  nervous  system.  For  these  pur- 
poses, metallic  preparations,  arsenic,  and  narcotics,  may  be 
used,  the  latter  especially  in  the  shape  of  hypodermic  injec- 
tions of  morphine  and  atropine. 

Case  65. — Thekla  von  K.,  a  strong,  healthy  girl  of  thir- 
teen years,  very  much  developed  physically,  but  who  had 

»  Berliner  Klin.  Wochenschrift,  1864.    Nos.  21-23. 
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not  yet  menstruated,  was,  about  two  years  ago,  in  July,  1849, 
attacked  with  pertussis.  In  spite  of  the  different  means 
employed,  the  paroxysms  increased  in  violence  and  fre- 
quency, until  they  occurred  every  ten  or  fifteen  minutes, 
lasting  from  two  to  three  minutes,  and  finally  resulting  in 
hoarseness,  and  afterward  in  complete  aphonia.  This  state 
lasted  till  January  24,  1850,  when  the  patient  again,  for  the 
first  time,  uttered  a  sound.  In  the  next  four  weeks  the  pa- 
tient improved  so  much  that,  at  the  end  of  February,  she 
was,  the  still-continuing  hoarseness  excepted,  perfectly  well. 
Toward  the  end  of  September,  1850,  a  slight  pulmonary 
catarrh  set  in,  which  gradually  increased,  and  was  accompanied 
by  convulsive  attacks  of  coughing,  followed  by  hoarseness 
and  finally  by  aphonia.  Leeches  were  applied  to  the  throat, 
cups,  etc.,  to  the  neck,  ointments  of  veratrine,  iodine,  and 
narcotics,  rubbed  into  the  laryngeal  region,  nitrate  of  silver, 
musk,  dissolving  and  quieting  remedies  were  administered 
without  producing  the  slightest  change  in  the  symptoms,  with 
the  exception  of  a  transient  improvement  following  the  use  of 
the  musk.  Even  the  appearance  of  the  menses  after  the  em- 
ployment of  pills,  consisting  of  aloes,  galbanum,  and  iron,  had 
no  influence  whatever  upon  the  course  of  the  disease.  Then, 
in  the  month  of  May,  1851,  the  patient  came  to  Berlin  for 
the  purpose  of  consulting  Dr.  Romberg.  She  was  affected 
with  a  complete  spasm  of  the  glottis,  recurring  every  quarter 
or  half  an  hour,  and  lasting  up  to  twenty  minutes.  Single, 
convulsively-expelled  coughing-sounds  were  interrupted  by  a 
deep,  sonorous,  trumpet-like  noise  accompanying  the  inspi- 
ration. This  noise,  apparently  rising  from  the  lesser 
bronchial  tubes  of  the  larynx,  introduced,  as  it  were,  the 
spasm,  and  predominated  also  during  the  attack,  yielding 
only  toward  the  end  to  the  more  or  less  connected  coughing- 
sounds.  At  the  same  time  the  face  was  deeply  reddened, 
the  muscles  of  the  face  and  neck  spasmodically  distorted,  the 
hands  and  feet  moved  convulsively,  and  the  pulse  became 
accelerated.     These  paroxysms  were  most  frequent  in  the 
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morning,  diminislied  somewhat  in  intensity  in  the  afternoon, 
and  ceased  entirely  at  night.  The  aphonia,  however,  still 
continued  the  same  without  any  intermission,  so  that  the 
patient  could  not  produce  even  the  slightest  sound.  Other- 
wise all  the  functions  of  the  patient  were  normally  per- 
formed, and  her  appearance  was  not  such  as  to  indicate  dis- 
ease. Eomberg  first  caused  a  solution  of  nitrate  of  silver  to 
be  pencilled  repeatedly  over  the  mucous  membrane  of  the 
larynx,  while  the  carbonate  of  copper  with  belladonna  was 
given  internally  in  increasing  doses.  As,  in  spite  of  the 
continued  employment  of  these  means,  the  paroxysms  di- 
minished but  little  in  violence,  frequency,  and  duration,  he 
finally  ordered  the  induced  electricity  to  be  applied  to  the 
suffering  organ. 

When  I  first  saw  the  patient,  July  18,  1851,  the  attacks 
occurred  about  every  half  hour,  lasting  for  fifteen  minutes, 
and  accompanied  by  the  above-mentioned  symptoms.  This 
was  undoubtedly  an  affection  of  the  inferior  laryngeal  nerVe. 
After  sixteen  applications  of  the  induced  current,  made  in 
sixteen  consecutive  days,  each  lasting  for  half  an  hour,  an  in- 
terval of  two  to  three  hours  ensued  between  the  paroxysms, 
the  duration  of  which  was  now  shortened  from  two  to  five 
minutes ;  both  the  trumpet-like  sound  and  the  spasmodic  ac- 
tion of  the  muscles  of  the  face  and  neck  also  became  weaker. 
From  the  4th  of  August  two  applications  were  made  daily, 
in  consequence  of  which,  the  number  of  paroxysms  decreased 
so  much  that,  on  the  10th,  they  recurred  but  twice,  each 
having  a  duration  of  about  four  minutes,  and  from  that  day 
till  the  16th  of  August,  when  the  patient  left  for  her  home, 
she  remained  perfectly  free  from  spasms.  According  to 
letters  received  afterward,  she  continued  to  do  well;  the 
aphonia,  which  on  her  departure  had  improved  so  much  as 
to  enable  her  to  utter  a  few  feeble  sounds  with  a  hoarse  tone, 
did  not  disappear  until  after  a  year — without,  however,  the 
further  use  of  any  medicine. 

Case  QQ. — Miss  T.,  an  apparently  healthy   and  robust 
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girl,  sixteen  years  old,  with  a  regular  but  feeble  catamenia, 
put  berself,  upon  the  advice  of  Dr.  Nagel,  under  my  care  on 
the  26th  of  January,  1863.  The  disease  having  had  a  mild 
beginning,  had  now  existed  for  one  year  and  three  months. 
It  had,  however,  increased  so  much  during  the  last  months, 
that  it  occurred  every  few  minutes  while  she  was  awake, 
unless  her  attention  was  very  much  engaged ;  only  in  the 
afternoon  a  slight  interval  of  fifteen  minutes  ensued.  It ' 
was  accompanied  by  a  noisy,  inspiratory  murmur,  which 
could  be  heard  in  every  part  of  the  house,  and  was  followed 
by  a  short  expiration,  accompanied  by  a  peculiar  odor  of 
the  food.  I  need  not  mention  that,  besides  the  iron,  every 
narcotic  and  nervine  had  been  used.  There  was  in  this  case, 
beyond  doubt,  an  affection  of  the  pneumogastric  nerve,  as 
singultus  appeared  as  little  during  the  electric  irritation  of 
the  phrenic  nerve  as  in  diaphragmatic  pleurisy.  On  this 
account,  both  the  induced  and  the  stable  constant  cur- 
rents were  directed  against  the  vagus  on  either  side.  As  the 
former  seemed  to  have  more  effect,  I  used  the  induced  cur- 
rent exclusively  after  the  twentieth  application  (May  9th), 
yet  thirty-one  more  applications  were  necessary  in  order  to 
relieve  the  patient  entirely.  A  slight  relapse  occurring 
after  some  time,  was  quickly  removed  by  means  of  a  simple 
dietetic  regimen. 

Hiifelsheim  ^  cured  the  following  case  of  pharyngeal  spasm 
by  means  of  the  continued  current : 

A  man,  twenty-six  years  old,  who  had  used  arsenic  for 
acne  rosacea,  was  attacked  with  a  difficulty  in  swallowing, 
and  he  finally,  in  consequence  of  a  spasm,  found  it  impossi- 
ble to  swallow  any  thing  at  all.  As  soon  as  the  food  ar- 
rived at  the  pharynx,  it  was  rejected  through  the  mouth, 
while  liquids  returned  through  the  nose.  After  Hiifelsheim 
had  first  applied  both  electrodes  of  a  large  chain  of  Pulver- 
macher  on  either  side  of  the  neck  on  a  level  with  the  pneu- 
mogastric, he  applied,  on  the  second  day,  the  current  of 

'  De  la  Dysphagie,  etc.     Annales  de  I'lSlectricite.     Janvier,  1861. 
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fourteen  small  elements  of  Daniell  for  fifteen  or  twenty 
minutes.  After  three  applications  the  patient  could  swallow 
finely-cut  meat ;  and  was  cured  after  the  fifth  application. 
In  order  to  prevent  a  relapse,  he  was  subsequently  galvanized 
four  times  more. 

Popper  ^  reports  the  following  case : 

An  apparently  healthy  girl  suffered  from  a  continual 
distention  of  the  stomach  through  gases,  tenderness  upon 
pressure,  constricting  pain  in  the  stomach,  especially  after 
eating,  eructation,  and  vomiting.  'No  remedy  gave  any  re- 
lief Popper  placed  both  poles  of  an  induction-apparatus 
near  each  other  upon  the  gastric  region  before  eating,  and 
allowed  the  current  to  pass  through  it  for  five  minutes." 
After  the  first  application,  the  vomiting  diminished,  and 
after  the  twelfth  application  the  patient  was  cured.  Still 
the  treatment  was  continued  for  some  time. 

In  very  desperate  cases  of  nervous  vomiting  of  pregnancy, 
Bricheteau  met  with  success  in.  three  cases  by  the  following 
method :  He  placed  both  electrodes  of  a  weak  current,  at 
the  beginning,  in  the  middle,  and  toward  the  end  of  each 
meal,  for  several  minutes  upon  the  epigastrium. 

Unfortunately,  the  employment  of  electricity  is  not 
successful  in  many  cases  where  it  is  apparently  indicated : 
thus  I  treated,  without  any  success  whatever,  a  girl  twenty- 
five  years  of  age,  a  patient  of  Professor  Henoch,  who 
suffered  from  singultus ;  also  a  patient  of  Dr.  Steinrueck,  a 
girl  of  the  same  age,  suffering  from  a  spasmodic  cough  (the 
so-called  sheep's  cough),  where,  however,  there  were  no 
special  symptoms  warranting  the  assumption  of  its  being 
caused  by  reflex  action.  The  same  negative  result  was 
naturally  obtained  in  a  case  of  spasm  of  the  diaphragm  at- 
tacking an  apparently  very  healthy  girl  daily  from  five*  to 
eight  times,  inasmuch  as  the  first  illness  of  the  patient  could 
be  deduced  from  a  fall  down-stairs  happening  a  year  and  a 

^  Heilung  des  Erbrechens  durch  Electricitat.  Oestr.  Zeitschr.  fuer  pract. 
Heilkunde,  1864.     Page  43. 
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half  ago,  followed  immediately  by  dysmenorrhoea  (caused,  as 
tlie  examination  showed,  by  a  retroversio  uteri),  and,  a  few 
months  afterward,  by  the  first  diaphragmatic  spasm  in  con- 
sequence of  violent  mental  excitement.  In  this  case,  the 
galvanic  treatment,  undertaken  only  upon  the  urgent  desire 
of  the  parents,  had  naturally  no  success,  but  the  local  treat- 
ment of  the  displaced  uterus  seemed  to  have  a  favorjable  influ- 
ence upon  both  dysmenorrhoea  and  spasms. 


Case  67. — Paul  Staeger,  aged  eleven  years,  weak  and 
scrofulous,  was,  without  any  known  cause,  taken  about  four 
months  ago  with  a  trembling  in  the  right  arm,  which, 
although  it  disappeared  after  some  time  by  observing  per- 
fect rest,  yet  temporarily  returned  after  any  mental  or 
physical  exertion.  Since  October,  1857,  the  mother  noticed 
a  remarkable  increase,  which  attained  its  height  between 
the  19th  and  22d  of  October,  so  that  the  little  patient  was 
unable  to  keep  the  arm  quiet  for  one  moment,  the  hand 
flying  all  over  the  paper  at  every  attempt  to  write.  Upon 
the  advice  of  Dr.  Bartel,  the  patient  was  placed  under  my 
care.  After  having  faradized  the  muscles  of  the  arm  and 
hand  on  the  22d,  23d,  and  25th  of  October,  the  movements 
ceased  entirely,  and  the  boy  was  able  to  write  again.  The 
cure  was  permanent. 

Case  68. — Hermann  Beermann,  aged  fourteen  years, 
for  two  years  suffered  from  a  gradually-increasing  trem- 
bling of  the  right  arm.  He  was  sent  to  me  on  the  30th  of 
September  by  Professor  Traube,  when  I  treated  him  with 
the  constant  current  by  allowing  a  stable  current  to  ascend 
from  the  radial  nerve  to  the  brachial  plexus,  afterward  irri- 
tating the  extensor  muscles  of  the  arm  and  hand  with  weak 
labile  currents.  The  patient  improved  in  a  marked  man- 
ner from  the  third  application  (October  3d),  so  that  he  was 
able  to  keep  the  arm  extended  for  half  a  minute  without 
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trembling.  After  the  tenth  application  (October  13th),  he 
could,  by  exerting  himself,  write  for  a  quarter  of  an  hour 
without  trembling.  I  finished  the  treatment  with  the  nine- 
teenth application,  as  the  trembling  had  ceased  for  eight 
days,  not  only  in  a  state  of  rest,  but  also  in  writing. 


E.  Fliess,^  having  investigated  the  sedative  action  of  the 
constant  galvanic  current  on  the  impulse  of  the  heart  in 
twenty-four  <3ases,  of  which,  in  nineteen,  no  organic  lesion 
could  be  proved,  while  five  had  a  structural  disease,  found  a 
diminution  of  the  symptoms  in  all,  while  he  obtained  a 
perfect  cure  of  a  large  number  of  those  belonging  to  the 
first  category  after  from  five  to  six  applications.  Fliess  used 
for  this  purpose  mild  currents,  causing  a  moderate,  rarely  a 
strong  burning,  by  applying  them  to  either  vagus  daily,  or 
every  other  day,  for  from  one  to  two  minutes ;  the  descending 
current  proved  to  be  more  efficacious  than  the  ascending. 
The  patient  felt  relieved  and  relatively  better  a  short  time 
after  the  opening  of  the  circuit,  and  the  improvement  lasted 
for  a  longer  or  shorter  period  of  the  same  day,  after  the  first 
application.  After  several,  and  sometimes  after  many  ap- 
plications, this  feeling  of  comfort  became  permanent,  even 
in  cases  of  organic  disease  of  the  heart.  Later,  a  percepti- 
ble decrease  ensued  in  the  intensity  and  frequency  of  the 
impulse,  and  of  the  sounds  of  the  heart. 

The  same  physician  reports  the  following  case,  which,  in 
the  course  of  the  galvanic  treatment,  was  repeatedly  sub- 
jected to  a  careful  examination  by  Dr.  Ph.  Munk,  lecturer 
on  medical  diagnosis. 

Carl  Berg,  twenty-six  years  of  age,  a  shoemaker  by 
trade,  relates  that  having  had  two  years  ago  an  attack  of 

'  Observations  on  the  Influence  of  the  Constant  Galvanic  Current  upon  the 
Morbidly-increased  and  Augmented  Impulse  of  the  Heart.  Berl.  Klin.  Wochen- 
schr.,  1865.     No.  26. 
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inflammatory  articular  rhemnatism,  he  suffers  since  tliat 
time  from  palpitation  of  the  heart  and  shortness  of  breath, 
increasing  in  violence  after  every  mental  or  physical  exer- 
tion. He  is  prevented  from  lying  on  the  left  side  by  this 
palpitation  becoming  so  violent  as  to  shake  the  whole  body. 
Diagnosis  of  Dr.  Munk :  Insufficiency  of  the  mitral  valve 
and  constriction  of  the  left  auriculo-ventricular  opening, 
dilatation  without  considerable  hypertrophy  of  the  right 
ventricle  (for  the  second  sound  of  the  pulmonary  artery  is 
but  little  increased).  Radial  pulse  80,  small,  regular.  After 
the  first  application  (December  11th),  the  patient  professed 
to  feel  more  quiet,  yet  this  was  not  permanent  even  after 
the  second  application  (December  15th);  the  difficulty  of 
breathing,  however,  was  less.  After  the  seventh  applica- 
tion, the  dyspnoea  had  disappeared,  the  violent  palpitation 
ensued  only  after  great  exertions,  such  as  fast  walking, 
mounting  stairs,  etc.  The  pulse  continued  unchanged  in  fre- 
quency. After  a  few  more  apj)lications,  the  patient  was  en- 
abled to  lie  on  his  left  side  without  any  difficulty.  On 
February  2d,  after  twenty-eight  applications.  Dr.  Munk  af- 
firmed that  there  existed  a  compensating  hypertrophy  of 
the  right  ventricle,  with  an  increase  of  the  second  pulmo- 
nary sound,  which  probably  accounted  for  the  greater  ease 
of  the  patient.  Neither  could  the  fremissement  catoire  be 
felt  any  longer.  The  further  treatment  improved  the  health 
and  appearance  of  the  patient  so  much  that,  on  March  4, 
1861,  he  was  dismissed,  after  the  forty-third  application,  the 
impulse  of  the  beat  not  being  too  strong,  with  a  frequency 
of  80.  On  April  7th  and  May  21st  of  the  same  year,  the 
patient  called  again,  informing  me  that  his  health  was 
tolerable.  .  ♦ 


Case  69. — ^Wilhelm  May,  twenty-one  years  of  age,  a 
fusileer  of  the  eighth  regiment,  enjoyed  always  good  and 
robust  health,  until  he  was,  in  IS'ovember,  1850,  received 
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into  the  special  hospital  of  the  fourth  army  corps  on  account 
of  a  rheumatic  inflammation  of  both  eyes,  predominating, 
however,  in"  the  right.  The  disease  continued  for  five 
months  with  frequent  exacerbations  and  remissions,  without 
producing  any  local  change  or  leaving  any  other  residue, 
except  an  extraordinary  photophobia,  causing  a  spasmodic 
closure  of  the  eyes  whenever  exposed  to  a  sun-ray,  while  the 
patient  could  open  them  always  in  the  dark.  The  morbid 
irritability  of  the  orbicularis  palpebrarum  aifected  also,  dur- 
ing the  month  of  March,  several  other  muscles  in  the  vicini- 
ty, viz.,  the  corrugator  supercilii  of  either  side,  the  zygo- 
maticus  major  and  platysma  of  the  right  side,  so  much,  that 
these  muscles  were  aifected  with  spasms  after  each  attempt 
to  open  the  eyes.  Toward  the  end  of  the  month  the  disease 
had  not  only  gradually  increased,  but  also  attacked  the  more 
distant  muscles  of  the  right  side,  viz.,  the  sternocleidomas- 
toideus,  the  scaleni,  and  the  longus  colli,  so  that  now  the 
head  with  its  twitching  muscles  was  continually  rotated  in 
a  semicircle  from  the  right  to  the  left,  which  motion  was 
only  interrupted  during  sleep.  The  pendulum-like,  rotatory 
motions  of  the  head  proceeded  evidently  from  the  spasmodic 
convulsions  of  the  orbicularis  palpebrarum  which  at  first 
only  happened  when  the  patient  tried  to  open  the  eyes,  but 
afterward  became  spontaneous.  In  addition  to  which,  in- 
voluntary motions  of  other  muscles  followed  in  consequence 
of  the  nervous  irritability  of  the  patient,  caused  by  the 
length  of  the  affection,  and  the  long-continued  antiphlogistic 
treatment.  On  the  3d  of  June,  I  began  for  the  first  time  to 
treat  this  patient  by  electricity.  I  faradized  every  single 
affected  muscle,  and  had  the  pleasure  to  remove  the  convul- 
sions of  the  facial  muscles  after  the  second,  and  the  spas- 
modic motions  of  the  cervical  muscles  after  the  fifth  appli- 
cation of  one-quarter  of  an  hour's  duration. 

The  so-called  wryneck  (torticollis),  depending  upon  a 
clonic  spasm  of  the  sternocleidomastoideus,  usually  with  the 
cooperation  of  the  rotatory  muscles  of  the  occipital  region, 
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is  mostly  of  a  crossed  origin.  It  is  developed  either  in  conse- 
quence of  an  asthenia  (paralysis,  atrophy)  of  the  antagonists, 
from  a  tendency  of  the  healthy  muscles  to  keep  the  head  in 
its  normal  position,  in  which  case  it  is  cured  by  the  induced 
current  being  directed  to  the  antagonists  (see  Case  YO),  or  it 
is  caused,  according  to  Remak,  by  a  myelitis  lateralis  of  the 
opposite  side,  within  the  region  of  the  lateral  columns  of  the 
cord,  from  which  the  roots  of  the  accessory  nerve  take  their 
origin,  and  then  it  is  treated  successfully  by  removing  the 
myelitis  through  the  constant  current  (see  Remak's  case). 

Case  YO. — Mr.  von  R.,  a  high  official,  of  a  weakly  con- 
stitution, had  been  suffering  from  his  youth  from  a  hyper- 
aesthesia  of  the  nerves,  which  caused  him  so  much  mental 
anxiety,  that  at  times  he  became  tired  of  life.  He  married 
in  1846,  being  then  thirty-six  years  of  age.  In  the  next 
year  his  general  health  improved,  yet  the  slightest  devia- 
tion from  his  accustomed  way  of  living  caused  intolerable 
pain  in  the  head  and  back,  which  only  yielded  to  absolute 
rest.  At  this  time  also  a  hsemorrhoidal  affection  began  to 
show  itself.  In  1855,  the  patient  noticed  that  his  right 
hand  made,  while  he  was  writing,  involuntary  motions,  and 
in  1856  his  head  also  followed  these  movements.  In  the 
mean  time,  profuse  hsemorrhoidal  haBmorrhages  had  taken 
place,  increasing  his  weakness  day  by  day,  and  depressing 
him  mentally  and  physically.  The  use  of  the  Franzen  bath 
and  a  subsequent  cold-water  treatment  alleviated  these 
symptoms,  but  it  was  not  till  the  year  1859  that  his  strength 
increased  to  any  noticeable  extent ;  he  now  became  more 
self-confident,  and  all  his  functions  were  more  normally  per- 
formed. From  this  time,  however,  an  increasing  weakness 
of  the  right  side,  difficulty  of  writing,  and  a  numbness  of 
the  last  three  fingers  of  the  right  hand,  became  apparent. 
Finally,  he  noticed  a  considerable  inclination  of  the  head 
to  the  right  side,  so  that  he  was  unable  to  keep  it  in  its 
normal  position,  unless  he  powerfully  exerted  the  left  sterno- 
cleidomastoid muscle  while  at  rest,  or  by  pressing  the  cane 
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against  the  right  side  of  the  chin  while  walking.  When 
the  patient,  upon  the  advice  of  Dr.  Wolff,  applied  to  me 
on  May  6,  1860,  I  found  the  left  scaleni  muscles  remark- 
ably relaxed,  withered,  and  emaciated,  their  electro-muscu- 
lar contractility  and  sensibility  being  very  much  reduced  ; 
the  reaction  of  the  other  cervical  muscles  was  normal. 
After  the  eighth  faradization  of  the  left  scaleni,  the  pa- 
tient was  enabled  (May  18th)  to  hold  the  head  for  a  few 
moments  in  its  normal  position.  Sixteenth  application 
(June  7th),  patient  can  now  hold  the  head  straight  when 
walking,  without  the  support  of  the  cane,  neither  does  the 
head  follow  the  motions  of  the  hand  when  he  writes  slowly. 
On  July  23d  I  finished  the  treatment  with  the  thirty-fifth 
application,  in  order  to  allow  the  patient  to  use  the  marsh- 
baths  in  Franzensbad.  The  left  scaleni  muscles  had  in- 
creased considerably  in  volume  ;  when  the  patient  sits  still, 
his  head  is  nearly  straight,  his  walk  is  free  and  easy,  neither 
is  he  now  tro.ubled  by  the  rotatory  movements  while  writ- 
ing. I  had  repeatedly  occasion  to  see  the  patient  after- 
ward ;  the  spasm  had  not  returned  in  1865,  when  he  died  of 
phthisis  pulmonum. 

Kemak  reports  the  following  case  in  the  Med.  Central- 
Zeitung,  1862,  page  182  : 

Lindner  was,  in  ISTovember,  1860,  taken  with  torticollis, 
after  having  been  exposed  to  cold,  and  after  having,  the  day 
before,  leaned  one-quarter  of  an  hour  over  a  chair  with  his 
neck  twisted.  Being  unable  to  work,  the  patient  was  re- 
ceived into  the  Charite.  Here  spasm  in  the  right  accessory 
and,  corresponding  with  it,  in  the  right  sternocleidomas- 
toid muscle  having  been  diagnosticated,  the  right  side  was, 
for  four  weeks,  treated  with  antispasmodics  and  electrici- 
ty, without,  however,  accomplishing  any  thing.  Remak, 
to  whom  the  patient  now  applied,  found,  in  the  trigonum 
cervicale  of  the  opposite  (left)  side,  knotty,  painful  swellings 
(about  the  nature  of  which,  whether  belonging  to  the  lym- 
phatic glands  or  to  the  nerves,  he  was  doubtful),  and  applied 
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to  these  spots  leeches,  unguent,  hydr.,  etc.,  and  the  constant 
current.  The  patient  improving,  but  not  yet  being  cured, 
went,  after  four  weeks,  to  the  clinic,  where  the  hot  iron,  un- 
fortunately without  any  result,  was  used  on  the  right  side. 

On  April  18,  1861,  Lindner  again  applied  to  Remak, 
being  then  in  a  worse  condition  than  before.  He  was  now 
perfectly  unable  to  hold  his  head  still,  which  he  could  do  at 
least  for  a  few  minutes  before.  There  were,  besides,  insensi- 
bility of  the  left  side  of  the  pharynx,  and  a  limited  anaes- 
thetic spot  in  the  fossa  cervicalis.  The  constant  current  was 
again  applied  to  the  left  side,  and  a  perfect  cure  obtained 
after  a  two  months'  treatment,  from  the  middle  of  April  to 
the  middle  of  May,  and  from  the  middle  of  June  to  the  mid- 
dle of  July.  On  the  6th  of  December  there  remained  only 
a  small  hardened  place  in  the  right  sternocleidomastoid 
muscle  as  the  residue  of  the  reflex  spasm  which  did  not 
again  return. 


Remak  maintains  that,  although,  according  to  his  expe- 
rience, there  is  no  part  of  the  central  nervous  system  or  of 
the  sympathetic  nerve  from  which  a  lateral  or  double  chorea 
cannot  originate,  in  general,  "the  most  severe  cases  have  a 
compound  origin.  Thus  he  ascertained,  in  a  case  of  chorea 
magna,  the  spasms  of  which  were  so  violent  that  the  patient, 
a  girl  ten  years  of  age,  could  only  be  kept  on  the  bed  by 
exerting  great  force,  that  the  real  starting-point  of  the  con- 
vulsions, which  had  begun  in  the  left  half  of  the  body,  was 
situated  within  the  region  of  the  right  side  of  the  cervical 
portion  of  the  spinal  marrow,  and  of  the  cervical  portion  of 
the  sympathetic  nerve.  On  the  right  side  there  were  also 
symptoms  of  neuritis,  and  a  knot  the  size  of  an  almond  in 
the  tibial  nerve.  Eemak  ^  adds,  that  in  severe  cases  of  chorea, 
at  least,  in  the  earlier  stages,  the  neuritis  disappears  by  it- 
self during  the  central  treatment  with  the  constant  current, 
i  Med.  CenWal-Zeitung,  1863,  page  158. 
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wliile,  on  the  contrary,  the  peripheral,  although  quieting 
temporarily,  acts  rather  injuriously  than  otherwise. 

I  have  treated  a  series  of  attacks  of  chorea  (chorea  minor), 
affecting  three  girls  at  the  ages  of  from  seven  to  ten,  and  one 
of  sixteen  years,  with  shocks  of  a  battery  consisting  of  about 
thirty  elements  (twenty-four  to  thirty  in  one  application), 
and  observed  after  each  application  an  improvement  followed 
by  recovery,  so  that  I  cannot  but  urge  a  further  examination 
of  this  method,  which  failed  me  but  once  in  a  recent  case 
where  the  symptoms  increased  rapidly.  The  number  of  ap- 
plications necessary  for  a  complete  recovery  varies  between 
five  and  twenty-four,  but  the  first  application  always  pro- 
duced an  evident  improvement. 

Case  ^1. — Miss  P.,  an  anaemic  girl  of  sixteen  years  of 
age,  a  patient  of  Dr.  Friedheim,  suffered  for  about  six  weeks 
from  an  insecurity  of  the  movements  of  both  halves  of  her 
body,  but  more  so  of  the  right  side,  which,  hardly  perceived 
in  the  beginning,  increased  from  week  to  week.  The  pa- 
tient was  unable  to  sit  on  a  chair  without  moving  her  whole 
body  or  her  arms  and  legs.  On  attempting  to  grasp  any 
thing,  she  dropped  it,  having  no  control  over  her*  hands ; 
she  could  neither  write  nor  play  on  the  piano ;  while  walk- 
ing, her  legs  performed  rotatory  movements ;  while  her  arm 
and  shoulder  were  raised  anteriorly,  posteriorly,  or  laterally. 

The  patient  was  placed  under  my  care  on  January  27, 
1865.  After  the  fifth  application  (February  11th),  an  im- 
provement was  noticed  ;  after  the  fourteenth  application, 
her  hand  was  sufiiciently  steady  to  write  a  few  lines  toler- 
ably, and  to  play  on  the  piano.  At  the  end  of  March  (after 
twenty-four  applications),  the  patient  had  fully  recovered. 

Benedikt  thinks  he  has  met  with  no  ill  success  in  more 
than  twenty  cases  of  chorea  minor,  through  galvanization 
of  the  spinal  column  in  such  a  manner  as  to  let  a  barely  per- 
ceptible current  ascend  for  from  one  to  one  and  a  half  min- 
utes ;  moreover,  he  found  the  worst  cases  improve  the  most, 
as  here,  after  a  few  applications,  the  chorea -like  move- 
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ments  were  reduced  to  a  minimum. — I  have  not  been  as 
successful  by  this  method ;  its  employment  failing  in  several 
cases  caused  me  to  rely  upon  the  above-mentioned  method. 
Benedikt  quotes,  among  others,  the  following  case  : 

Fanny  Wascher,  aged  eleven  years,  on  being  received  for 
treatment  (December  10,  1862),  had  suffered  for  six  weeks 
from  a  violent  chorea  minor  in  the  muscles  of  the  extremi- 
ties, trunk,  head,  and  face.  The  patient  was  moving  con- 
tinually, and  was  unable  to  make  any  fine  movements,  not 
even  the  buttoning  of  her  dress.  On  an  examination  with 
the  descending  spinal  marrow-nerve  and  nerve  muscle  cur- 
rents, the  sensible  and  motor  excitability  were  found  to  be 
heightened  to  an  enormous  degree,  especially  at  the  open- 
ing of  the  current.  After  the  first  sitting,  in  which  four- 
teen elements  were  employed  in  the  described  manner,  such 
a  calm  immediately  ensued,  that  she  was  enabled  to  button 
her  dress  without  any  difiiculty.  After  the  fourth  (Decem- 
ber 13th),  the  patient  could  knit,  in  which  state  she  re- 
mained till  the  22d  of  December.  On  December  27th, 
another  examination  was  made,  when  her  excitability  was 
found  to  be  very  much  diminished.  On  December  30th, 
the  morbid  movements  became  so  rare  that  it  was  necessary 
to  observe  her  for  several  minutes  in  order  to  notice  any 
spasm  of  the  extremities.  On  January  8th  she  was  galvan- 
ized for  the  last  time,  and  was  discharged  from  the  hospital 
on  January  19th  cured. 


Writer's  paralysis,  for  the  alleviation  of  which,  probably, 
the  aid  of  electricity  is  most  frequently  sought,  offers,  on 
the  whole,  no  favorable  prognosis.  First,  because  those 
afflicted  with  this  disease  are  usually  able  only  for  a  short 
time  and  at  a  sacrifice  to  give  up  their  occupation,  which 
originates  and  maintains  the  affection  ;  second,  because  the 
affection  is  met  with  in  a  variety  of  forms,  the  anatomical 
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and  physiological  explication  of  which  is  exceedingly  dif- 
ficult, yet  necessary  for  a  rational  treatment.  We  must 
especially  distinguish  between  three  kinds.  In  the  first, 
the  disease  consists  of  a  reflex  spasm  depending  upon  an 
irritation  of  the  nerves  of  the  hand  and  wrist ;  the  second 
is  caused  by  a  paresis  of  the  extensor  muscles ;  while  the 
third  proceeds  from  a  neuritis.  The  spasm  naturally  as- 
sumes another  type  in  the  last  case,  according  to  the  seat  of 
the  disease,  whether  the  radial,  median,  ulnar,  or  other  nerve 
is  spasmodically  affected.  With  regard  to  the  treatment,  I 
was  so  happy  as  to  cure  a  case  of  the  first  category,  with  a 
coexisting  anaesthesia  of  the  skin  of  both  thumbs  and  index- 
fingers,  with  the  induced  current,  and  the  use  of  the  brush 
(see  Case  72) ;  that  form  which  depends  upon  an  asthenia  of 
the  extensor  muscles  is  best  removed  through  their  faradiza- 
tion, while  the  neuritis  is  cured  by  the  use  of  the  constant 
current  (see  Case  Y4). 

Case  72. — Mr.  Joachinii,  a  secretary,  aged  forty-one 
years,  was,  at  the  end  of  the  year  1851,  probably  in  conse- 
quence of  over-exertion  in  writing,  affected  with  spasms  in 
the  thumb  and  index-finger  of  the  right  hand,  compelling 
him  to  leave  off  writing  for  several  months,  but  permitting 
him  to  resume  his  occupation  after  that  period.  Soon, 
however,  he  perceived  other  morbid  symptoms  in  his  right 
hand,  viz. :  pain  in  the  inner  side  of  the  ends  of  the  fingers, 
and  in  the  joints,  of  the  thumb  and  index-finger,  which  fol- 
lowed every  attempt  to  write.  Neither  Toplitz,  which  the 
patient  visited  in  1854  and  1855,  nor  the  long-continued 
employment  of  the  constant  current,  had  any  perceptible 
influence  upon  it.  Yet  Joachinii  was  enabled,  although 
with  great  pain,  to  continue  his  occupation  as  secretary  till 
May,  1859,  when  the  upper  joint  of  the  thumb  became  so 
much  affected  as  to  make  it  impossible  for  him  to  hold  the 
pen  in  the  usual  position,  compelling  him  to  grasp  the  pen 
alternately  between  the  index  and  middle,  or  the  middle  and 
ring-finger,  or  to  fasten  it,  by  means  of  an  ingenious  device, 
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to  a  thimble.  The  hypodermic  use  of  morphine  caused  vio- 
lent burning  and  constricting  pain  from  the  place  of  injec- 
tion, along  the  thumb,  which  finally  obliged  the  patient  to 
resort  to  his  Jeft  hand  for  the  purpose  of  writing.  After  four 
weeks,  the  left-hand  writing  also  was  made- impossible  on  ac- 
count of  the  violent  pain  arising  in  the  joints  of  the  left 
thtmb  and  index-finger.  The  unhappy  patient  was  now 
unable  to  dress  without  help,  or  cut  his  food,  and  he  was 
finally  compelled  to  give  up  his  occupation  altogether.  After 
the  third  visit  to  Toplitz,  from  June  till  August,  1860,  had ' 
hardly  improved  his  condition,  the  despairing  patient  came, 
upon  the  advice  of  Dr.  Wolfi*,  to  my  office. 

The  examination  proved  that  it  was  impossible  for  the 
patient  to  extend  fully  the  thumb  and  index-fingers  (espe- 
cially of  the  left  side),  a  condition  which  was  undoubtedly 
caused  by  a  hypersesthesia  of  the  nerves  supplying  the  joints 
of  the  fingers,  which  made  the  patient  anxiously  avoid  even 
the  slightest  extension ;  anaesthesia  of  the  skin  of  both  thumbs 
and  index-fingers  was  also  discovered.  In  accordance  with 
the  result  obtained  by  the  examination,  the  electric  brush 
was  applied  to  the  anaesthetic  portions  of  the  skin.  After 
the  first  application,  Joachinii  was  able  to  write  for  a  quarter 
of  an  hour  with  the  pen  held  in  the  normal  position.  After 
the  fourth  application  (October  15th),  he  wrote  an  account 
of  his  affection,  extending  to  five  pages.  After  thirty-three 
applications  (toward  the  end  of  December),  he  was  able  to 
extend  tolerably  well  the  thumb  and  index-finger,  while  he 
could  also  hold  lighter  substances  with  his  left  hand.  Still, 
as  the  pain  fiuctuated  frequently,  caused  partially  by  his 
continued  use  of  the  pen,  partially  by  unknown  influences, 
it  was  necessary  to  use  the  brush  twenty  times  more,  till  the 
23d  of  March,  in  order  to  remove  entirely  the  neuralgia  with 
the  anaesthesia.  The  extensor  muscles  of  the  fingers  were 
also  faradized  during  the  last  applications. 

I  saw  the  patient  again  on  the  7th  of  May.  He  was  now 
able  to  attend  to  his  customary  duties  as  a  secretary ;  the 
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pain,  however,  caused  by  the  morphine  injections,  had  not 
yet  fully  disappeared,  his  right  thumb  was,  to  use  his  own 
expression,  painfully  enclosed  by  a  tight-fitting  net. 

Case  73. — Mr.  Richard  Fabricius,  twenty-seven  years  of 
age,  continually  engaged  as  a  clerk  for  six  years,  always 
enjoyed  good  health  until  eight  or  nine  months  ago,  when, 
after  having  written  for  a  long  period  unusually  much, 
frequently  eight  to  ten  hours,  he  experienced,  while  writing, 
a  stinging,  contracting  sensation  in  the  wrist-joint,  which 
thence  extended  into  the  fingers,  especially  into  the  thumb 
and  index-finger.  The  thumb  was  then  spasmodically  bent 
in  the  last  joint,  approaching  the  palmar  surface  of  the  hand, 
and  drawn  tightly  to  the  index-finger.  The  pain  in  the  wrist- 
joint  began  whenever  the  patient  tried  to  write ;  after  having 
written  for  a  quarter  of  an  hour,  spasm  of  the  fingers  fol- 
lowed, obliging  him  to  stop  if  he  had  necessarily  to  continue 
writing ;  nevertheless,  the  pain  in  the  wrist  and  spasm  in 
the  fingers  not  only  increased,  but  the  pain  also  extended 
along  the  extensor  carpi  ulnaris  to  the  forearm,  making  any 
further  writing  impossible.  After  the  evil  had,  for  seven 
months,  increased  in  intensity,  the  patient  was  advised  by 
Dr.  Wegscheider  to  put  himself  under  my  treatment. 

This  afibction  apparently  consisted  of  a  spasm  of  the 
flexor  longus  pollicis  and  the  adductor-pollicis,  the  former 
causing  the  flexion  of  the  last  joint  of  the  thumb,  the  latter, 
besides  the  adduction,  assisted  by  the  muscles  situated  on  the 
inner  side  of  the  ball  of  the  thumb,  producing  also  the  oppo- 
sition of  the  thumb,  that  is,  its  moving  into  the  palmar  sur- 
face and  its  approaching  the  little  finger.  The  examination 
made  with  regard  to  the  electric  action,  showed  a  deficient 
contraction  of  the  abductor  pollicis  brevis,  and  of  the  exten- 
sores  pollicis,  longus,  and  brevis,  the  extensor  muscles  of  the 
other  fingers  acting  normally.  The  continued  faradization 
of  these  muscles,  made,  at  the  beginning,  twice  a  week, 
allowed  the  patient,  who,  although  with  intervals,  continued 
to  write,  to  attend  to  his  clerical  duties  for  fourteen  hours 
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in  succession,  so  that,  after  this,  I  electrified  him  but  once 
a  week,  terminating  the  treatment  at  the  beginning  of  Au- 
gust. 

Case  Y4. — Privy-Secretary  H.,  a  patient  of  Dr.  Simon- 
sohn,  forty-eight  years  of  age,  a  strong  and  healthy  man, 
came  under  my  professional  care,  February  12,  1865,  hav- 
ing suffered  for  a  year  from  writer's  paralysis,  which  showed 
the  following  symptoms :  the  thumb  and  index-finger  stiffly 
embraced  the  pen ;  the  wrist  was  drawn  spasmodically  to  the 
forearm  and  rotated  outward,  so  that  he  was  unable  to  write 
a  few  words  without  interruption,  the  pen  falling  out  of  his 
hand  unless  he  stopped  writing.  If  compelled  to  continue, 
a  pain  ensued  in  the  arm  along  the  radial  nerve  going  up  to 
the  shoulder ;  the  local  examination  proved  the  existence  of 
a  painful  swelling  at  least  half  an  inch  long,  in  the  radial 
nerve  immediately  over  the  elbow-joint.  The  constant  cur- 
rent having  been  applied  sixty-five  times  to  this  place,  the 
evil  was  removed,  and  the  patient  declared,  a  year  after  the 
termination  of  the  treatment,  that  since  that  time  he  had  no 
difficulty  in  pursuing  his  occupation. 


Eemak  '  has,  in  a  series  of  lectures,  delivered  before  the 
Medical  Society  of  Berlin,  on  "  spasm  of  the  facial  muscles," 
mentioned  several  cases  cured  by  him  by  means  of  the  con- 
stant current.  These  cases  were  either  such  as  proceeded 
from  a  periostitis  and  were  cured  by  the  local  treatment  of 
the  affected  part,  or  they  followed  a  neuritis  cervico-brachi- 
alis,  when  they  were  cured  by  removing  the  knotty  swell- 
ings situated  in  that  region,  or  they  were  finally  those  in 
which  the  cervical  ganglia  of  the  sympathetic  nerve  of  the 
same  or  of  the  opposite  side  acted  a  prominent  part,  through 
the  galvanization  of  which,  by  placing  the  positive  electrode 
upon  the  region  of  the  ganglion,  the  spasm  was  quieted. 

»  See.  Berliner  Klinische  Wochenschrift,  1864.   Nos.  21-23. 
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The  following  is  the  synopsis  of  a  case  belonging  to  the 
last-mentioned  category :  ^ 

The  patient,  a  baker  by  profession,  thirty  years  old,  was, 
about  three  years  ago,  affected  with  a  spasm  of  the  right  or- 
bicularis palpebrarum.  Thence  the  spasm  extended,  within 
a  year,  to  the  other  facial  and  especially  the  zygomatic  mus- 
cles. After  another  year,  the  orbicularis  of  the  left  side  was 
also  attacked,  and,  finally,  after  a  few  months,  all  the  mus- 
cles of  the  left  side,  the  right  side,  however,  being  mainly 
affected.  The  spasms  varied  in  their  character;  the  ma- 
jority of  the  facial  muscles  of  the  right  side  were  subject  to 
an  almost  continuous  twitching ;  besides  this,  greater  attacks 
of  violent  tonic  spasms,  beginning  in  the  right  orbicular 
muscle,  affected  the  other  facial  muscles,  occurring  seven 
times  an  hour,  and  oftener.  He  could  produce  these  spasms 
at  will,  by  closing  the  right  eye,  as  is  usually  the  case  in 
such  mimic  facial  spasms.  This  act  was  inevitably  followed 
by  spasms,  usually  of  a  tonic  nature  at  first,  more  strongly 
marked  on  the  right  than  on  the  left  side,  lasting  for  minutes, 
and  longer.  The  spasms  then  assumed  a  clonic  character ; 
brisk  twitchings  of  all  the  facial  muscles  followed  each  other 
quickly  in  succession,  terminating  in  slight,  trembling  mo- 
tions, or  convulsions  of  the  respective  muscles.  The  history 
of  the  case  gave  no  explanation  of  the  origin,  neither  could 
Prof,  von  Graefe  discover  any  points,  painful  under  pressure, 
which,  in  such  cases,  indicate  neurotomy.  Then  Kemak  no- 
ticed such  a  painful  point  on  the  right  side  of  the  cervical 
portion  of  the  vertebral  column,  in  the  vicinity  and  on  the 
anterior  surface  of  the  fifth  cervical  transverse  process  (where 
the  ganglion  cervicale  medium  is  usually  found).  Pressure 
upon  this  point  did  not  stop  the  spasmodic  attacks,  but  the 
introduction  of  the  positive  electrode  of  an  intense  galvanic 
current  suspended  them.  After  the  current  had  been  em- 
ployed at  intervals  for  three  weeks,  the  spasms  were,  on  the 
1st  of  February,  reduced  to  such  an  extent  as  to  enable 

»  L.  c,  page  207. 
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the  patient  to  resume  his  work,  and  to  continue  it  for  three 
months  without  interruption.  Having  been  no  more  gal- 
vanized during  this  period,  he  had  but  very  few  slight  at- 
tacks of  tonic  spasms,  occurring  about  once  in  a  week  or  a 
month.  Now,  a  tonic  contraction  of  all  the  muscles  of  the 
right  side  of  the  face  ensues  only  when  he  voluntarily  shuts 
his  eyes  firmly ;  otherwise  he  feels  so  well  that  he  has  no 
desire  to  undergo  another  course  of  treatment  for  the  pur- 
pose of  removing  these  last  residues. 

Remak  mentions,  on  this  occasion,  cases,  in  which  facial 
spasms  have  been  followed  by  epileptic  cok^vulsions,  ^nd 
in  which  he  also  obtained  favorable  results  through  the  gal- 
vanic treatment  of  the  cervical  portion  of  the  sympathetic 
nerve.  He  is  of  the  opinion  that,  in  such  cases,  indirect 
catalytic  actions  take  place — that  is,  such  actions  proceed 
from  the  nerves  to  the  blood-vessels  supplied  by  them — by 
causing  a  dilatation  of  the  vessels  and  a  resorption  of  exuda- 
tions, etc.,  by  means  of  exciting  a  current  of  liquids  in  the 
interior  of  the  tissue.  He  is,  hence.  Inclined  to  ascribe  quite 
a  peculiar  importance  to  the  vertebral  branch  of  the  first 
thoracic  ganglion,  as  this  branch. supplies  the  vertebral  arte- 
ry, and  thus  may  possibly  exercise  a  catalytic  influence  upon 
the  base  of  the  brain. 


In  consequence  of  rheumatic  affections,  be  it  either  a 
simple  muscular  rheumatism  or  a  rheumatic  exudation  into 
the  muscular  substance  itself,  there  haj)pen  frequently  dis- 
tortions, especially  of  the  muscles  of  the  neck  and  shoulder. 
In  the  first  case,  the  pain  primarily  causes  the  patient  to 
give  to  the  respective  parts  an  abnormal  position,  which  after- 
ward becomes  customary,  and  finally  habitual,  in  consequence 
of  the  disturbances  of  nutrition  developed  in  the  inactive 
muscles.  These  disturbances  of  nutrition,  being  perfectly 
analogous  to  those  cases  in  which  muscles  are,  for  a  long  pe- 
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riod,  kept  in  a  state  of  inactivity,  in  consequence  of  a  firm, 
long-continued  bandage,  or  in  consequence  of  a  former  apo- 
plectic attack,  are  frequently  removed,  in  a  surprisingly  short 
time,  by  the  employment  of  the  constant  current,  as  well  as 
by  cutaneous  and  muscular  faradization.  Those  kheumatic 
DISTORTIONS,  too,  depending  upon  an  exudation  into  the  mus- 
cular tissue  itself,  may  also  be  cured  by  directing  an  uninter- 
rupted current  upon  the  lengthened  muscles  simultaneously 
with  the  cutaneous  faradization  of  the  portion  of  skin  over 
the  distortion,  thereby  increasing  their  contractile  power  suf- 
ficiently for  the  extension  of  the  shortened  muscles.  Passing 
a  stable  current  through  the  diseased  muscle  may  also  accom- 
plish a  cure. 

Erdmann  reports '  the  following  case  belonging  to  this 
category : 

Mr.  W.,  a  straw-hat  manufacturer,  had  contracted  a  rheu- 
matism, compelling  him  to  turn  the  head  strongly  to  the  right 
side,  anteriorly  and  downward.  In  the  beginning  he  was 
still  able  to  place  the  head  in  the  right  position,  although 
only  with  pain,  and  only  when  aided  by  the  hand ;  later  he 
failed  in  this,  and  he  thus  remained,  in  spite  of  the  use  of 
vapor-baths,  cataplasms,  embrocations,  and  depletions.  Four 
months  after  the  beginning  of  the  afibction,  the  patient  ap- 
plied to  Dr.  Erdmann,  who  found  a  perfect  torticollis  rheu- 
matica.  The  chin  almost  touched  the  right  clavicle,  while 
the  left  sternocleidomastoideus  could  be  felt  very  taut  under 
the  skin.  The  patient'  was  able,  with  the  aid  of  the  hand, 
to  move  the  head  somewhat  backward,  but  not  to  the  left 
side.  Passive  motions  caused  him  an  extraordinary  pain. 
The  electro-muscular  contractility  and  sensibility  of  the  ster- 
nocleidomastoideus were  somewhat  diminished.  After  the 
first  employment  of  electro-cutaneous  irritation  of  the  neck, 
the  motion  of  the  head  became  immediately  more  free,  and 
remained  thus  for  several  hours.  On  the  following  day  Erd- 
mann faradized,  at  the  same  time,  the  splenius  capitis  of  the 

^  i.  c,  page  209. 
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left  side  and  the  upper  third  of  the  sternocleidomastoideus, 
when  the  head  became  straight,  and  even  inclined  to  the  left. 
The  motions  now  remained  easier,  and,  after  the  tenth  ap- 
plication, the  patient  was  perfectly  cured. 

M.  Rosenthal  cured,  with  the  constant  current,  the  fol- 
lowing case : ^ 

Therese  Kummer,  having  been  sent  to  the  citj  on  an 
errand,  returned,  after  a  few  hours,  drenched  from  a  sudden 
violent  rain,  and  with  a  distortion  of  the  right  trapezius,  her 
head  inclining  to  the  right  and  behind,  her  chin  turned  to  the 
left.  The  clavicular  portion  felt  hard,  and  became  painful 
whenever  the  patient  tried  to  raise  the  head.  The  passing 
of  a  constant  current  through  the  affected  muscle  caused 
immediately  a  freer  motion  of  the  head.  The  next  morning 
a  second  galvanization  was  made,  which  removed  the  abnor- 
mal position  of  the  head  entirely,  and  allowed  the  patient 
to  resume  her  usual  work. 

D,  Pa/polyses. 

In  the  treatment  of  paralysis,  the  electric  current  has, 
from  the  oldest  times,  been  extensively  and  successfully 
employed ;  indeed,  it  is,  on  account  of  its  inlying  qualities, 
to  be  used  in  preference  to  all  other  means. 

1.  Electricity  is  a  stimulus.  Accordingly,  it  causes,  like 
all  other  organic  or  inorganic,  chemical  or  mechanical  irrita- 
tions, when  applied  to  motor  nerves,  a  contraction  of  those 
muscles  supplied  by  the  irritated  nerves.  This  happens  as 
long  as  the  nerve  is  still  irritable,  without  regard  to  its  being 
connected  with  or  separate  from  the  brain  and  spinal  marrow. 
Applied  directly  to  a  muscle,  electricity  suspends  contrac- 
tions ;  if  directed  to  sensitive  nerves,  or  their  extensions,  sen- 
sation is  produced  as  long  as  the  communication  with  the 
brain  and  spinal  marrow  is  intact.  It  is,  finally,  the  only 
known  agent  which  excites  all  the  nerves  of  special  sense, 

'  L.  c.y  page  105. 
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while  through  any  other  means  only  one  can  be  excited. 
Thus  the  vibrating  air  aifects  the  auditory,  volatile  substances 
the  olfactory  nerve,  soluble  substances,  the  sense  of  taste,  etc. 
The  constant  and  the  intermittent  current,  however,  differ  in 
several  points  from  each  other  with  regard  to  their  action 
on  the  nerves  and  muscles,  for  sometimes,  in  deeper  dis- 
turbances of  nutrition,  the  galvanic  irritability  is  preserved, 
while  the  faradic  is  extinguished,  and  only  through  the  ir- 
ritation of  the  cutaneous  nerves,  by  means  of  the  secondary 
interrupted  current,  may  single  convulsions  be  produced  as 
a  consequence  of  reflex  action.  This  difference  probably  de- 
pends upon  the  fact  that,  of  the  agents  causing,  according  to 
Yon  Bezold  and  Fick,  the  irritation,  namely,  the  fluctuation 
of  intensity  of  the  current  and  the  duration  of  the  uninter- 
rupted current,  the  latter,  under  certain  circumstances,  be- 
comes of  greater  importance  than  the  former. 

2.  The  electric  current  increases  the  swpply  of  Hood  to  the 
irritated  part  of  the  hody.  If  an  uninterrupted  current  is 
passed  through  the  thigh  of  a  frog,  so  as  to  cause  tetanus, 
without  irritating  the  other  limb,  the  blood-vessels  of  the 
skin  in  the  galvanized  part  are  not  only  strongly  dilated  and 
filled  with  blood,  but  the  muscles  are  also  engorged,  so  as  to 
cause  the  bright-red  blood  to  pour  out  of  every  cut,  while 
the  flesh  of  the  non-electrified  thigh  presents  the  usual  pale, 
bloodless  appearance. 

3.  The  etectric  current  augments  the  temperature  and 
increases  the  volume  of  the  irritated  part.  With  regard  to 
this,  we  have  mentioned  the  observations  of  Matteucci  and 
Ziemssen  on  the  increase  of  temperature  and  augmentation 
of  volume. 

4.  The  electric  current  enhances  the  contractile  energy  of 
the  vascular  walls.  "We  refer  to  the  experiments  of  Weber 
made  on  the  mesenteric  arteries  of  the  frog,  already  quoted. 
J.  S.  Schultze^  has  proved  that  the  narrowing  of  the  lumen 

^  De  arteriarum  notione,  structura,  constitutione  chemico  et  vita.  1850. 
Page  52. 
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caused  by  the  induced  current  takes  place  also  in  tlie  larger 
arteries. 

5.  The  elect/ric  current  counteracts  the  secondary  changes 
occurring  in  inactive  nerves  and  muscles.  John  Eeid  ^  made 
a  section  of  the  nerves  of  the  lower  extremities  of  some  frogs 
through  the  spinal  canal,  so  as  to  destroy  entirely  their  ner- 
vous connection  with  the  spinal  marrow.  He  then  galvan- 
ized daily  the  muscles  of  one  of  the  paralyzed  legs,  while 
those  of  the  other  leg  were  not  touched.  After  the  lapse  of 
two  months,  the  former  had  lost  neither  in  firmness  nor  cir- 
cumference, contracting,  upon  the  galvanic  stimulus,  in  a 
corresponding  degree,  while  in  the  latter  the  volume  was  di- 
minished about  one-half,  and  they  were  relaxed  and  withered. 

6.  The  electric  current  is  capable  of  restoring  to  7ierves 
and  muscles  their  lost  functional  power.  N^erves  and  mus- 
cles possess,  like  every  other  tissue,  an  activity  corresponding 
to  their  degree  of  development.  The  electric  current  being 
capable  of  improving  the  nutrition  of  the  muscular  substance 
through  contraction  of  the  muscles — which,  on  .their  part, 
causes  a  fuller  supply  of  arterial  blood  to  their  tissue,  and 
with  it  an  increase  of  the  endosmotic  power  of  the  fibres — 
the  endosmotic  quality  of  the  muscular  fibres  being  also  in  a 
certain  proportion  to  their  power  of  action,  the  electric  cur- 
rent is  capable  of  increasing  the  diminished  and  of  restoring 
the  lost  functional  power.  Whether  the  electric  stimulus 
may  cause  a  regeneration  of  muscular  fibres  in  muscles  atro- 
phied to  the  highest  degree,  or  whether,  j)robably  in  such 
case,  as  asserted  by  Zenker,**  a  new  formation  of  muscular 
fibres  takes  place,  is  exceedingly  doubtful.  Still,  if  the  latter 
be  the  case,  the  electric  current  will  be  useful,  by  restoring 
the  disturbed  relations  of  nutrition  in  the  new  formation  of 
muscular  elements. 

^  On  the  Relation  between  Muscular  Contractility  and  the  Nervous  System. 
Edinburgh,  1841.     Pages  9-11. 

'  Ueber  Veranderung  der  Willkiirlichen  Muskeln  in  Typhus  Abdominalis. 
1864. 
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7.  The  elecPric  current  is  capable  of  developing  a  sup- 
plementa/ry  function  in  muscular  fibres  not  yet  para- 
lyzed. L.  Hepp*  has  proved  that,  in  hypertrophies  of 
muscles,  the  increase  in  thickness  of  the  primitive  muscu- 
lar fibres  is  alone  sufficient  to  explain  the  augmentation  of 
bulk ;  that,  likewise,  the  differences  in  the  size  of  the  same 
muscle,  caused  by  age  and  exercise,  depend  solely  upon  the 
different  thickness  of  the  primitive  muscular  fibres.  Thus 
the  electric  irritation  causes  also  an  increase  of  thickness  and, 
at  the  same  time,  an  increased  capability  of  function  in  the 
normal  muscular  fibres. 

8.  We  are  enahled^  through  the  electric  current^  as  shown 
by  Erb^  to  act  directly  on  the  brain  and  spinal  marrow. 
Moreover,  the  galvanization  of  the  sympathetic  nerve  and 
its  ganglia  appears  to  us  to  have  pointed  out  a  method  by 
which  to  cure,  indirectly,  cases  of  paralysis  originating  in 
the  brain  and  spinal  marrow.  We  have  noticed  a  similar 
treatment  for  the  removal  of  spasm. 

9.  Even  if  the  direct  electrolysis  has  but  little  influence 
upon  the  process  of  resorption  which  we  expect  for  the  re- 
moval of  certain  pa/ralytic  processes^  still  the  capability  of 
the  current,  to  effect  a  transmission  of  liquids  from  one  elec- 
trode to  the  other,  seems  the  more  to  be  of  greater  importance 
in  these  procedures. 

If  we  now  turn  to  the  several  forms  of  paralysis,  those  of 
cerebral  origin  will,  undoubtedly,  in  accordance  with  the 
pathogenesis,  hold  out  the  least  prospect  of  being  cured  by 
the  electric  current ;  yet,  its  employment  is  here  also  useful 
by  removing  or  diminishing  those  frequently  only  secondary 
symptoms,  such  as  the  feeling  of  cold,  the  anaesthesia  and 
atrophy,  the  contractions  of  the  flexor  muscles,  etc.,  thereby 
reducing,  as  it  were,  their  actual  amount  and  extent.     In 

^  Beitrag  zur  Lehre  von  der  Hypertrophic  der  Muskeln  in  Henle  and  Pfeuf- 
fer's  Zeitschrift  fur  rationelle  Medicin.  Neue  Folge.  Band  iv.,  Heft  ii.,  page 
267. 

2  Deutsches  Archiv  fur  klinische  Medicin.    Bd.  iii.,  page  240,  et  seq. 
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apoplectic  paralysis  especially,  its  use  becomes  more  promi- 
nent, as  it  acts  often  in  a  twofold  manner  :  First,  the  cere- 
bral portion  around  the  apoplectic  focus,  rendered  incapable 
of  performing  its  usual  functions  on  account  of  the  hyperse- 
mia,  serous  infiltration,  etc.,  is  again  made  active  through 
the  direct  passage  of  the  current,  thus  preventing  the  ana- 
tomical changes  proceeding  gradually  from  the  extrava- 
sation through  the  cervical  spinal  marrow  to  the  nerves 
and  muscles  ;  and  second,  these  secondary  symptoms  them- 
selves are  afterward,  although  but  imperfectly,  removed. 
The  following  are  the  methods  usually  employed  in  these 
cases  :  1.  The  treatment  through  the  head^  in  which  Remak 
galvanizes  the  sympathetic  nerve,  or  places  one  pole  on  the 
cervical  portion  of  the  vertebral  column,  while  the  other 
pole  is  applied  to  the  frontal  half  opposite  the  seat  of  the 
disease.  2.  The  galvanization  of  the  paralyzed  muscles. 
3.  Their  faradization. 

Concerning  the  first  method,  Remak,  believing  that 
every  cerebral  hemiplegia  is  to  be  considered  a  traumatic 
inflammation  of  the  brain-substance  caused  by  the  extrava- 
sation, advises  its  employment  immediately  after  the  use 
of  local  depletions  (from  temporal  and  occipital  regions), 
resorbing  ointments,  and  blisters.  Through  these  means  he 
professes  to  have  obtained  a  complete  recovery  even  in 
hypersthenic  hemiplegias  which,  according  to  his  experience, 
would,  at  a  later  period,  have  become  incurable.  Yet  this 
method  has  not  yet  been  adopted  by  any  one,  so  far  as  I 
know.  At  a  later  period,  however,  when  the  treatment 
is  conducted  more  with  regard  to  the  removal  of  secondary 
symptoms,  I  have  met  with  favorable  results  by  galvanizing 
the  sympathetic  nerve  with  or  without  the  appearance  of 
diplegic  contractions.  I  was  not  so  fortunate  as  Remak  and 
Benedikt  to  obtain  a  temporary  or  permanent  solution  of  the 
contmctions. 

The  peripheral  treatment  consists  in  the  employment  of 
the  galvanic  spinal  marrow-nerve  and  spinal  marrow-muscle 
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currents,  or  in  faradization,  which,  latter  course  enables  the 
practitioner  to  remove  slight  contractions  of  the  extensor 
muscles  as  well  as  to  restore  the  functional  power  to  the 
affected  parts.  The  removal  of  the  contractions  is  also  facil- 
itated by  faradizing  the  respective  flexors  with  but  rarely 
interrupted  currents.  It  is  naturally  understood  that  but 
weak  currents  (eight  to  twelve  elements)  are  to  be  employed 
for  only  a  few  minutes,  if  it  is  desired  to  begin  the  galvani- 
zation of  the  brain  early.  The  same  care  must  also  be 
taken  at  a  later  period  in  this  method  as  well  as  in  pe- 
ripheral galvanization  and  faradization,  as  long  as  tonic 
contractions  indicate  an  irritated  state  of  the  brain.  It  is 
in  such  cases  usually  best  to  institute  a  few  applications  by 
way  of  trial,  and  to  desist  from  any  further  electric  treat- 
ment, unless  a  visible  progress  is  caused  by  it,  for  then 
nothing  can  be  expected  by  persevering ;  while  on  the  other 
hand  even  a  perceptible  progress  does  not  warrant  in  any 
way  any  exalted  hopes  for  the  final  result.  An  isolated 
paralysis  of  single  muscles  of  the  eye,  often  appearing  as 
first  and  only  symptoms  of  a  limited  apoplectic  focus,  allows 
mostly  a  favorable  prognosis  with  regard  to  its  removal 
through  the  local  employment  of  the  constant  and  inter- 
rupted current,  but  it  is  frequently  the  precursor  of  new  and 
more  dangerous  apoplectic  attacks. 

Case  75. — Max  Bunzel,  eight  years  of  age,  was,  in  1865, 
taken  sick  with  an  encephalitis  accompanied  by  unconscious- 
ness and  violent  spasms,  and  followed  by  a  total  paralysis  of 
the  left  side  of  the  body.  In  May,  1866,  the  little  patient 
began  again  to  walk,  and  the  nutrition  of  the  left  leg  also 
improved.  When  I  saw  the  boy  (January  23,  186Y),  for  the 
first  time,  the  arm  was  still  perfectly  useless,  cold,  and 
drawn  to  the  thorax ;  elbow  and  hand  were  flexed,  and  could 
not  be  straightened  nor  removed  farther  than  an  inch  from 
the  trunk.  A  passive  extension  of  the  arm  and  hand,  as  well 
as  a  passive  raising  of  the  arm,  was  easily  made.  The  deltoid 
muscle,  and  the  extensors  supplied  by  the  radial  nerve,  were 
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partially  paralyzed,  tlie  ulnar  nerve  was  entirely  so.  The 
electro-muscular  contractility  was  intact  in  all ;  even  in  those 
partially  very  atrophied  muscles  (for  instance,  the  interossei 
muscles) ;  the  sensibility  was  not  disturbed.  The  faradiza- 
tion of  the  paralyzed  muscles  caused,  after  thirteen  applica- 
tions (February  2Tth),  such  an  improvement,  that  the  pa- 
tient was  enabled  to  raise  the  arm  on  a  level  with  his 
shoulder,  to  stretch  the  hand,  and  to  abduct  the  fingers 
somewhat.  After  twenty-seven  applications  (end  of  April), 
the  deltoid  as  well  as  the  triceps  muscle  acted  normally,  the 
fingers  could  be  adducted  and  abducted,  several  of  the  fingers 
could  also  be  extended,  so  that,  at  the  end  of  June,  the  treat- 
ment terminated  to  our  great  satisfaction,  after  forty-two 
applications,  and  after  the  muscular  tissue  of  the  forearm 
and  hand  had  become  more  developed. 

Case  76. — Mr.  A.  F.,  secretary,  went  to  Dr.  Graefe's 
clinic  on  account  of  double  vision,  which  he  first  noticed 
several  weeks  ago  while  leaving  his  ofiice  for  his  home,  and 
which  had  affected  him  ever  since.  The  objective  symptoms 
seemed  to  show  nothing  abnormal  in  his  eyes ;  the  examina- 
tion of  diplopia  furnished  at  that  time  no  exact  localization, 
neither  was  it  evident  that  a  paretic  affection  had  occurred 
simultaneously  to  several  nervous  trunks,  especially  of  the 
left  eye.  The  suspicion  of  the  cause  of  the  disease  being 
central  was  confirmed  by  this  circumstance  as  well  as  by 
its  sudden  origin,  and  a  feeling  of  dulness  in  the  head,  of 
which,  among  other  symptoms,  the  patient  complained  con- 
tinually. He  was  treated  for  four  and  a  half  months 
with  iodide  of  pot.,  Stahl's  pills,  the  repeated  application 
of  the  ferrum  candens  along  the  spine,  etc.,  and,  at  the 
end  of  May,  placed  under  my  care  for  the  purpose  of  an 
electric  treatment.  The  symptoms  of  the  patient  were,  ac- 
cording to  Dr.  V.  Graefe,  the  following  :  the  position  of  the 
axis  of  vision  of  the  left  eye  showed  under  no  circumstances 
any  noticeable  degree  in  the  deviation  of  the  angle  from  the 
normal  position,  so  that,  from  the  external  appearance  of  the 
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patient,  no  conclusions  could  have  been  made  concerning  his 
aifection,  if  it  had  not  been  manifested  by  the  characteristic 
(corresponding  to  an  existing  paresis  of  the  obliquus  superior 
muscle)  position  of  the  head  (turning  of  the  head  round  its 
transverse  axis  anteriorly,  and,  at  the  same  time,  round  its 
vertical  axis  to  the  healthy,  in  this  case,  the  right  side).  It 
was  only  during  the  diagonal  movement  inward  and  down- 
ward— the  direction  in  which  the  wanting  function  of  the 
superior  oblique  manifests  itself  most  remarkably,  on  ac- 
count of  its  moving  the  eyeball  the  strongest  upward — that 
it  became  evident  that  the  left  eye  was  not  moved  perfectly 
inward  and  upward  (corresponding  to  the  function  of  the 
trochlearis  to  the  outward  and  downward),  so  that  under 
said  circumstances  a  convergent  squint  with  a  deviation  in 
height  ensued.  The  diagnosis  could  be  completed  from  the 
symptoms  of  diplopia,  after  analyzing  which,  it  appeared 
that  the  patient  suffered,  in  addition  to  the  above-mentioned 
paralysis  of  the  obliquus  superior  muscle,  from  a  slight  pa- 
retic affection  of  the  rectus  internus.  The  paresis  had  al- 
ready changed  in  such  a  manner  as  to  produce  a  slight  con- 
traction of  the  obliquus  inferior,  that  is,  the  affection  had 
already  begun  to  pass  into  the  concomitant  squinting  of  the 
oblique  muscles.  This  double  vision  annoyed  the  patient 
very  much,  and  he  found  it  especially  difficult,  while  ex- 
amined, to  ascertain  the  dimensions  of  height.  In  order  to 
obviate  this,  he  was  ordered  prismatic  glasses  (130)  with  the 
basis  downward.  He  recognized,  with  great  joy,  the  favor- 
able results  derived  therefrom,  but  was  still  unable  to  read 
or  write  by  using  both  eyes  at  the  same  time. 

After  having,  for  four  weeks,  electrified  the  patient  by 
placing  one  conductor  upon  the  frontal  bone,  while  the 
other  was  applied  to  those  points  of  the  closed  eyes  from 
which  the  superior  oblique  and  internal  rectus  muscles  could 
be  easiest  reached  by  the  current,  the  examination  made  in 
Graefe's  clinic  gave  the  following  result :  the  paretic  affec- 
tion of  the  suffering  muscles  had  considerably  receded,  dou- 
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ble  vision  could  only  be  provoked  by  arranging  the  axis  of 
vision  for  objects  so  situated  that  the  two  muscles  must  ex- 
ert themselves  mostly  in  a  downward  and  right  oblique 
manner.  Symptoms  depending  upon  a  slight  degree  of  con- 
traction of  the  inferior  oblique  muscle  still  existed.  From 
July,  1856,  the  patient  was  enabled  to  resume  his  occupa- 
tion as  secretary.  The  subsequent  period  furnished  the  sad 
proof  of  the  patient  suffering,  indeed,  from  a  cerebral  affec- 
tion. After  the  lapse  of  six  months,  during  which  he 
became  entirely  unable  to  work,  repeated  attacks  of  dizzi- 
ness and  loss  of  consciousness  ensued,  followed  by  partial 
deafness,  and  weakness  in  the  lower  extremities,  so  that,  in 
the  spring  of  1859,  he  was  obliged  to  resign.  A  paralysis 
of  the  muscles  of  the  eye  did  not  again  appear. 

Benedikt  publishes  the  following  case  in  the  Medic- 
chirurg.  Kundschau,  1864,  case  47 : 

Joseph  Steiner,  sixty-nine  years  of  age,  a  merchant  by 
profession,  had,  on  the  24th  of  August  of  last  year,  at  the 
grave  of  his  wife,  suffered  from  a  hemiplegic  attack,  accom- 
panied by  loss  of  consciousness  and  speech,  but  not  of  the 
memory  of  words.  On  being  received.  May  Y,  1863,  the 
right  lower  extremity  had  returned  to  its  normal  condition, 
the  articulation  of  vowels  and  single  consonants  was  possible, 
the  right  facial  nerve  was  paralyzed ;  the  tongue  was  not  per- 
ceptibly inclined,  and  was  moved  convulsively ;  the  mental 
functions  were  normal.  All  the  muscles  of  the  forearm  and 
hand,  the  muscles  of  the  ball  of  the  thumb  excepted,  were 
paralyzed ;  the  flexor  muscles  of  the  phalanges  and  wrist- 
joint,  as  well  as  the  pronator  muscles,  were  contracted. 
Flexion  and  extension  of  the  elbow-joint  were  normal ;  he 
raised  the  arm  only  as  high  as  the  ear,  and  moved  the  hand 
with  difficulty  to  the  shoulder  of  the  opposite  side.  The 
electro-muscular  contractility  was  considerably  reduced  in 
the  paralyzed  muscles,  with  the  exception  of  the  supinators  ; 
the  same  state  existed  in  the  otherwise  unaffected  triceps 
muscle.     Galvanic  treatment  of  the  left  cerebral  hemisphere 
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from  the  occipital  to  the  frontal  region  caused  immediately 
a  passive  flexion  of  the  phalanges  and  the  wrist-joint.  May 
13th  (eighth  application) :  patient  could  extend  well  the 
metacarpo-phalangeal,  and  somewhat  the  phalangeal  joints. 
June  4th  :  slight  supination.  The  patient  was  dismissed,  as 
he  did  not  seem  to  make  any  further  progress. 

Case  77. — Mrs.  D.,  aged  thirty-five  years,  widow,  healthy, 
and  with  normal  menstruation,  never  pregnant,  although 
married  for  ^yg  years,  suddenly,  in  the  middle  of  Decem- 
ber, 1864,  lost  the  power  of  speech  without  any  apparent 
cause  ;  it  returned,  however,  after  a  few  minutes.  This  at- 
tack recurred  on  January  7,  1865,  while  the  patient  was  sit- 
ting on  the  sofa  conversing  with  somebody.  She  did  not, 
however,  this  time,  regain  the  power  of  speech,  but  was,  in 
the  following  night,  affected  by  loss  of  consciousness  and 
complete  paralysis  of  the  whole  right  side  of  her  body,  in  spite 
of  a  venesection  made  at  the  urgent  request  of  her  relatives. 
At  the  request  of  Dr.  Steinmeck,  I  saw  the  patient,  on  the 
1st  of  March,  1865.  She  was  lying  in  bed,  unable  to  turn 
from  one  side  to  the  other ;  her  right  arm  was  still  entirely 
paralyzed,  the  hand  spasmodically  closed  so  that  the  contrac- 
tion of  the  flexors  could  only  be  overcome  with  difficulty,  the 
leg  could  be  drawn  toward  the  body  to  some  degree,  the  face 
was  somewhat  distorted,  sensibility  reduced,  loss  of  speech 
complete,  'pain  in  the  left  frontal  region.  The  electro-mus- 
cular contractility  was  normal.  The  faradization  of  the  par- 
alyzed muscles  was  accompanied  by  such  an  apparent  im- 
provement after  each  application,  that  the  patient  was  en- 
abled, on  April  4th  (after  thirteen  applications),  to  come  to 
my  office  and  walk  up-stairs.  The  arm  could  be  raised  to 
an  angle  of  60°,  the  sensibility  had  increased,  only  the  head- 
ache and  loss  of  speech  still  existed,  the  latter  making  the 
patient  especially  unhappy.  The  galvanization  of  the  brain 
from  the  left  frontal  region  to  the  cervical  portion  of  tlie 
spinal  column  removed  this  evil  for  a  short  time,  but  was  of 
no  material  influence  upon  the  other  symptoms  of  paralysis. 
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On  the  whole,  the  improvement,  being  at  first  so  rapid,  pro- 
gressed now  very  slowly  in  spite  of  the  employment  of  the 
plexus -nerve  and  nerve -muscle  currents  alternately  with 
faradization,  so  that  the  patient,  having  terminated  the 
treatment  after  fifty  applications  (August  10th),  was  able  to 
raise  the  arm  at  about  a  right  angle.  The  motions  of  the 
fingers  were  somewhat  difiicult,  the  sense  of  touch  was  un- 
decided, and  she  could  speak  but  few  words.  At  this 
time  (March,  1867),  the  patient  drags  the  foot  behind  her 
while  walking,  she  is  able  to  knit  and  make  embroidery, 
although  the  sense  of  touch  is  not  normal ;  she  still  speaks 
very  indistinctly.  Her  headache  disappeared  after  a  visit 
to  Homburg. 

Case  78. — Mr.  H.  St.,  merchant,  twenty-six  years  of  age, 
suffered  for  many  years  from  palpitation  of  the  heart,  de- 
pending upon  hypertrophy,  especially  of  the  left  ventricle, 
without  valvular  disease.  He  became,  on  the  5th  of  May, 
dizzy  after  great  mental  emotion,  and  fell  down,  without, 
however,  losing  consciousness.  After  being  carried  to  his 
home,  he  became  unconscious,  and  fell  into  convulsions, 
followed  by  a  complete  sensor  and  motor  paralysis  of  the 
whole  left  side  of  his  body  as  well  as  of  the  bladder.  In 
the  Catholic  Hospital,  where  the  patient  spent  four  months, 
he  improved  so  far  as  to  be  able  to  walk  a  considerable  dis- 
tance, although  he  still  dragged  the  left  foot.  He  was  able 
to  raise  the  arm  to  an  angle  of  40°,  and  also  to  move  the 
fingers  a  little ;  the  paralysis  of  the  bladder  had  disappeared 
with  the  exception  of  a  frequently  ensuing  desire  to  pass 
water.  When  the  patient,  upon  the  advice  of  Dr.  Ulrich, 
consulted  me  on  April  1,  1867,  about  two  years  after  the 
attack,  he  could  raise,  with  some  difiiculty,  the  left  arm  to 
an  angle  of  70°.  He  was  emaciated  and  cold,  the  sensibility 
reduced,  and  even  annihilated  on  the  outer  and  inner  sur- 
face of  the  hand,  and  especially  in  the  fingers,  being  unable 
to  feel  a  touch,  while  the  prick  of  a  needle  was  perceived 
but  slightly ;   there  existed   also  easily  overcome  contrac- 
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tions  of  the  pectoralis  minor  and  biceps  muscles,  while  the 
flexor  digit,  comm.  was  still  more  contracted.  An  attempt 
to  extend  the  hand  failed  on  account  of  the  uselessness  of 
the  interosseous  muscles.  Patient  was  lame,  and  complained 
of  dulness  in  the  head,  troubling  him  at  certain  times.  The 
treatment,  applied  two  to  three  times  weekly,  consisted  in 
the  faradization  of  the  sympathetic  by  placing  the  positive 
pole  upon  the  portion  of  the  neck  corresponding  to  the  left 
superior  cervical  ganglion,  and  the  negative  pole  on  the 
right  side  at  a  level  with  the  fifth  or  sixth  cervical  vertebra. 
The  result,  accompanied  by  simultaneous  diplegic  reflex  con- 
vulsive motions,  was  very  satisfactory,  for  the  patient  could, 
at  the  end  of  April,  after  twelve  applications,  raise  and  ex- 
tend his  arm  perfectly ;  the  temperature  had  also  improved 
greatly,  the  sensibility  was  increased  and  the  foot  dragged 
less.  After  each  application  his  head  also  became  freer. 
After  fifteen  additional  applications,  in  which  descending 
currents  were  employed  together  with  the  irritation  of  the 
sympathetic  nerve,  the  movability  of  the  hand  improved  so 
far  as  to  enable  him  to  extend  it,  July  28th,  perfectly,  while 
the  fingers  could  also  be  adducted  and  abducted.  When  I 
terminated  the  treatment,  on  August  12th,  after  thirty-eight 
applications,  the  patient  could  execute  all  the  movements  of 
the  fingers,  and  seize  and  hold  small  things,  although  he  was 
still  obliged  to  use  his  eyes  for  that  purpose.  The  tempera- 
ture of  the  arm  was  nearly  normal,  the  nutrition  was  im- 
proved considerably,  and  he  could  again  pursue  his  business 
without  difficulty.  He  was,  however,  unable  to  distinguish 
any  thing  by  merely  touching  it. 


Remak  succeeded,  by  means  of  galvanizing  the  sympa- 
thetic nerve,  in  curing  a  case  of  complicated  paralysis  of 
several  muscular  nerves  of  the  eye,  of  the  nerves  of  the  face, 
of  the  hypoglossus  in  conjunction  with  the  nerves  of  respi- 
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ration — in  sliort,  a  case  of  extensive  paralysis,  the  starting 
of  which  had  to  be  looked  for  in  the  posterior  fossa  of  the 
skull.  We  cop  J  this  case  from  the  "  Berliner  klin.  Wochen- 
schrift,"  1864 : 

A  farmer,  aged  sixty-nine  years,  always  healthy,  was  ex- 
posed to  a  cold  while  engaged  in  heavy  outdoor  work  in 
J^ovember,  1863,  which  suddenly  terminated  in  double  vi- 
sion. This  affection  gradually  increased,  a  falling  down  of 
the  eyelids  with  ^n  cedematous  swelling,  especially  on  the 
left  side,  ensued,  followed  by  difficult  motion  of  the  face,  im- 
possibility of  moving  mouth  and  tongue  in  the  normal  man- 
ner, and  finally,  a  catarrh  with  impeded  expectoration.  In 
the  course  of  several  months,  the  ptosis  had  assumed  such  a 
degree,  that  the  patient,  being  unable  to  work,  went  to  Ber- 
lin for  the  purpose  of  applying  to  Professor  v.  Graefe,  who, 
after  the  fruitless  administration  of  the  iodide  of  potash, 
sent  him,  on  April  24,  1864,  to  Eemak. 

Upon  an  examination,  the  following  symptoms  were  no- 
ticed :  The  palpebral  fissure  did  not  measure  more  than 
one  and  a  half  lines  ;  the  pupil  of  the  right  eye  was  perfectly 
invisible,  the  eyeball  being  turned  upward  and  outward  in 
consequence  of  a  paralysis  of  the  internal  rectus  muscle, 
while  the  left  pupil  was  also  but  little  visible.  The  muscles 
of  the  eyeballs  were  in  an  unsymmetrical  paralyzed  condi- 
tion ;  of  the  two  sides  of  the  face,  the  left  was  more  paralyzed 
than  the  right,  and  the  cheeks  more  than  the  frontal  portion. 
The  motion  of  the  tongue  was  impeded  and  its  pointing  im- 
possible ;  all  paralyzed  muscles  could  be  excited  by  the 
electric  current.^  Another  series  of  paralytic  symptoms  af- 
fected the  respiratory  muscles.  The  thorax  did  not  expand 
during  inspiration,  neither  could  the  patient  cough.     With 

^  The  extinct  electro-muscular  contractility  of  the  paralyzed  muscles  in- 
duced me  to  ascribe  the  cause  of  the  paralytic  symptoms  to  a  diiFuse  exudation 
in  the  posterior  fossa  of  the  skull,  and  not  to  a  disturbance  in  the  circulation 
of  the  blood  depending  on  the  vaso-motor  nerves,  which  point  Remak  left  un- 
decided. 
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regard  to  the  general  symptoms,  it  was  found  that  the  im- 
pulse of  the  apex  of  the  heart  was  weak,  the  sounds  of  the 
heart  dull,  pulse  seventy  to  eighty,  and  the  face  was  of  a 
corpse -like  pallor,  especially  around  the  mouth  and  the 
point  of  the  nose. 

Remak  galvanized  the  sympathetic  nerve,  and  noticed, 
after  a  few  applications,  a  decided  improvement.  After 
fourteen  days  the  patient  was  out  of  danger ;  the  respiratory 
motions,  especially,  became  easier,  and  the  muscles  of  the 
face,  tongue,  and  eyes,  also  improved  in  a  corresponding 
manner.  Remak  presented  the  patient  to  the  Medical  Soci- 
ety of  Berlin  after  a  treatment  of  four  weeks,  having  been 
obliged  to  allow  him  to  leave  for  his  home  on  account  of 
urgent  business,  although  he  had  not  yet  fully  recovered. 
At  that  time  the  right  eyeball  was  still  a  little  turned  up- 
ward, and  double  vision  also  ensued  to  a  slight  extent  when- 
ever he  looked  to  the  left  side ;  the  motion  of  the  eyelids, 
however,  was  perfect,  he  being  able  to  open  and  close  them 
rapidly  and  without  difficulty.  The  facial  paralysis  had  not 
entirely  disappeared,  but  the  patient  was  now  able  to  per- 
form normally  the  act  of  inspiration,  expiration,  expectora- 
tion, and  of  laughing.  The  electric  excitability  of  the  facial 
muscles  had  returned  ad  integrum  y  the  color  of  his  face  was 
healthy  and  fresh. 


The  spinal  paralyses  are  to  be  divided,  as  Benedikt  cor- 
rectly remarks,  into  two  classes  with  regard  to  their  thera- 
peutics :  1.  Those  in  which  the  disturbance  of  motion  is 
caused  by  a  diminished  power  of  the  respective  muscles — 
spinal  paralysis  proper.  2.  Those  in  which  the  isolated 
muscular  motions  may  be  performed  more  or  less  normally, 
but  where  the  power  in  coordinated  movements  is  disturbed 
— tabetic  paralysis. 

Cases  of  spinal  paralysis  proper  do  not  become  amenable 
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to  tlie  electric  treatment  until  the  acute  stage  is  passed, 
when  we  are  called  upon  to  remove  the  secondary  disturb- 
ances, resulting  from  the  lesion,  as  in  traumatic  injuries,  or 
in  paralytic  affections  caused  by  partial  myelitis  or  myelo- 
meningitis, meningitis  spinalis,  or  by  an  effusion  of  blood 
into  the  membranes  of  the  spinal  marrow,  etc.  In  all  these 
cases,  faradization  of  the  paralyzed  muscles,  or  galvanization 
by  means  of  descending  labile  spinal  marrow-nerve  or  nerve- 
muscle  currents,  may  be  employed  with  equal  advantage. 
In  choosing  either  method,  especially  in  infantile  spinal 
paralysis,  of  which  we  have  treated  above,  I  am  led  by 
the  sensations  of  the  little  patients  themselves,  to  whom, 
frequently  the  burning,  caused  by  using  the  constant  cur- 
rent, is  far  more  disagreeable  than  the  sensation  experienced 
by  using  faradization  by  means  of  slowly  interrupted  cur- 
rents. In  cases  of  this  kind,  which  always  require  great 
perseverance  on  the  part  of  the  physician  and  the  relatives 
of  the  patient,  in  order  to  succeed,  I  frequently  suspend  the 
treatment  for  a  long  period  (during  which,  baths,  embroca- 
tions, frictions,  and  proper  mechanical  contrivances  are  used), 
in  such  a  manner  as  to  subject  the  children  once  or  twice  a 
year  to  an  electric  treatment,  lasting  each  time  for  about 
four  weeks,  which  method  I  cannot  too  urgently  recommend 
for  adoption.  If,  in  spinal  paralysis,  there  is  still  a  state  of 
irritation  existing,  recognized  by  a  pain,  occurring  on  a  cer- 
tain place  of  the  spinal  column,  either  spontaneous  or  in 
consequence  of  pressure,  galvanization  of  the  spinal  column, 
by  means  of  stable  currents,  is  to  be  employed  so  as  to  ap- 
ply the  -f  pole  to  the  irritated  spot,  while  the  —  pole  is 
placed  upon  any  other  somewhat  remote  point ;  here  a  periph- 
eral treatment  by  means  of  galvanic  or  faradic  currents  would 
only  do  harm. 

Case  Y9. — The  letter-carrier,  Anton  Schseffer,  forty  years 
of  age,  having  always  enjoyed  good  health,  experienced,  from 
the  middle  of  April,  1858,  a  frequent  desire  to  urinate  with- 
out any  known  cause,  happening  at  first  every  half  an  hour, 
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afterward  oftener,  which  was  soon  followed  by  an  involun- 
tary passage  of  nrine.  These  symptoms,  however,  only  ap- 
peared while  he  was  walking,  being  absent  while  lying  in 
bed.  In  addition  to  this,  he  was  attacked,  in  the  beginning 
of  May,  by  violent  pain  in  the  back  and  both  legs,  especially 
in  the  right  calf,  a  feeling  of  numbness  in  the  whole  lower 
portion  of  the  body,  involuntary  defecation,  and,  finally, 
cutaneous  and  muscular  anaesthesia  to  such  an  extent  that 
he  was  unable  to  perceive  either  the  touch  or  the  introduc- 
tion of  needles,  especially  in  the  nates  and  posterior  side  of 
the  thigh.  In  spite  of  local  depletion  in  the  sacral  region, 
the  employment  of  the  tartar -emetic  ointment,  and  the  inter- 
nal use  of  the  iodide  of  potassium,  the  evil  continued  increas- 
ing till,  at  the  end  of  May,  the  patient  was  entirely  unable 
to  walk.  During  the  months  of  June  and  July  the  patient 
improved  gradually,  so  that  he  was  able  to  walk  greater 
distances,  although  with  difficulty  and  great  exertion,  at  the 
time  he  consulted  me,  August  12th.  The  other  symptoms, 
however,  still  continued,  such  as  a  frequent  desire  to  urinate, 
followed  by  the  involuntary  emission  of  urine,  unless  attend- 
ed to  immediately,  neuralgic  pains  in  the  legs,  especially  in 
the  course  of  the  sacro-sciatic  nerve,  intestinal  tenesmus,  a 
feeling  of  numbness  and  heaviness  in  the  legs,  and  anaesthesia 
of  the  bladder,  nates,  thigh,  and  leg.  After  twelve  electric 
applications  (September  8th),  in  which  the  electric  moxa  was 
first  applied  behind  the  trochanters,  and  the  electric  brush 
to  the  anaesthetic  parts  of  the  skin  and  muscles,  pain  and 
anaesthesia  of  the  skin  and  muscles  had  disappeared  almost 
entirely,  the  walking  also  getting  easier  and  freer.  The 
difficulty  about  the  bladder  and  intestines  still  continuing, 
I  was  induced,  from  the  1st  of  October  (application  twenty), 
to  pass  the  current  into  these  organs  also.  The  anaesthesia 
of  the  bladder  was  so  great,  that  the  patient  did  not  perceive 
the  first  introduction  of  the  most  intense  and  rapidly-strik- 
ing current  of  Du  Bois's  apparatus.  Thirty-second  applica- 
tion (l^ovember  1st) :  the  anaesthesia  of  the  bladder  has  di- 
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minislied,  the  urine  passing  with  the  proper  force,  the 
patient  also  being  able  to  hold  it  back  for  a  longer  period 
than  before,  except  that,  when  he  is  obliged  to  walk  more 
than  usual,  an  exceedingly  violent  tenesmus  of  the  rectum 
and  bladder  ensues.  Defecation  does  not  occur  any  longer 
spontaneously,  still  there  is  a  tendency  to  diaiThoea,  which, 
however,  is  easily  removed  by  the  administration  of  an  opi- 
ate. For  this  reason  the  patient  was  unable  to  resume  his 
arduous  duties  before  the  forty-third  application,  on  Decem- 
ber 1st,  when  the  electric  current  was  passed  several  times 
simultaneously  into  the  rectum  and  bladder.  He  is  now 
(1868)  perfectly  well. 

Case  80. — Lieutenant  W.  L.,  of  the  first  regiment  of  in- 
fantry, was,  after  a  fatiguing  brigade-drill,  taken  sick  with  a 
rheumatic  fever  on  August  6,  1854,  which  lasted  for  eight 
weeks,  followed  by  a  general  relaxation,  especially  a  great 
weakness  of  his  legs.  A  journey  of  ninety  miles  to  his 
country-seat,  made  at  the  beginning  of  October  for  the  bene- 
fit of  his  health,  caused  a  trembling  of  the  arms,  followed  by 
thoracic  spasms,  stitches  in  the  cardiac  region,  palpitation, 
and  other  symptoms  of  nervous  excitement.  Although  these 
symptoms  disappeared  after  a  few  days  of  rest,  they  reap- 
peared more  strongly  after  a  trip  of  sixteen  miles,  the  mo- 
tion of  the  wagon  causing  the  patient  great  inconvenience. 
He  was  attacked  by  spasmodic  pains  in  the  head,  heart, 
thorax,  and  legs,  at  times  so  violent  as  to  make  him  yell ;  the 
points  of  his  fingers  and  the  heels  were  exceedingly  sensible. 
In  the  spring  of  1855  these  nervous  symptoms  disappeared, 
allowing  him  to  go  to  Berlin  at  a  slow  rate  of  travelling ; 
still  there  were  symptoms  of  spinal  irritation  developed. 
The  careful  touch  of  the  spinal  column,  especially  of  the 
fourth,  seventh,  and  eleventh  dorsal  vertebrae,  reproduced  all 
the  nervous  symptoms.  His  pulse  was  intermittent,  the 
extremities  cold,  and  the  patient  greatly  excited.  This  state 
of  his  health  caused  his  physicians,  Drs.  Yehsemeyer  and 
Lauer,  to  recommend  a  longer  sojourn  at  the  baths  of  Lan- 
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deck.  Here  Ins  strength  increased  and  the  nervous  symp- 
toms diminished ;  the  sensibility  of  the  spinal  column  dis- 
appeared, but  in  the  sam.e  ratio  the  uselessness  of  the  legs 
increased,  so  that  the  patient,  after  having  spent  eight  weeks 
at  the  bath,  returned  with  a  complete  paralysis  of  both  legs. 
After  the  continued  use  of  irritating  ointments,  etc.,  the  pa- 
tient was  placed  under  my  care  at  the  end  of  ^November, 
1855.  Both  legs  were  completely  paralyzed,  they  could  be 
adducted  simultaneously,  but  not  one  without  the  other, 
while  abduction  was  entirely  impossible,  extension  of  the 
leg:  could  not  be  made,  extension  and  flexion  of  the  toes  of 
both  feet  only  to  a  limited  extent.  The  patient  could  move 
forward  only  by  jumping  and  supported  by  two  crutches,  as 
it  was  impossible  to  separate  the  legs  from  each  other.  The 
electro-muscular  contractility  was  considerably  reduced  in 
the  crural,  vastus  internus,  and  externus,  in  the  rectus  and 
glutseus  muscles,  there  being  not  much  difference  between 
either  extremity,  while  anaesthesia  of  the  skin  existed  more 
strongly  on  the  right  side.  The  muscles  of  the  back  reacted 
on  the  right  less  than  on  the  left  side ;  the  adductor  mus- 
cles were  contracted.  The  state  of  the  bowels  was  nearly 
regular ;  a  frequent  desire  to  pass  water  annoyed  the  patient 
a  great  deal.  Reflex  motions,  ensuing  often  spontaneously 
and  always  upon  an  irritation  of  the  skin,  induced  me  to 
desist  at  first  from  the  employment  of  the  brush,  in  spite 
of  the  simultaneous  existence  of  anaesthesia  and  paralysis, 
and  to  use  only  mild  induction  currents  twice  a  week,  last- 
ing in  the  beginning  from  ten  to  fifteen  minutes.  After  the 
sixteenth  application  (January  18,  1868)  the  patient  was 
able  to  stand  without  the  aid  of  crutches,  and  to  walk  with 
crutches,  by  putting  one  foot  before  the  other.  From  the 
twenty-fifth  sitting  (February  16th)  I  faradized  the  anaes- 
thetic portions  of  the  skin,  thus  restoring  its  normal  sensi- 
bility in  a  short  time.  In  the  thirtieth  application  (May  3d) 
the  patient  could  walk  round  the  table  by  leaning  the  arms 
against  it ;  the  tenesmus  of  the  bladder  had  also  disappeared. 
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On  the  21st  he  was  able  to  walk  up  and  down  his  room  with 
two  canes  instead  of  the  crutches  heretofore  used.  On  the 
25th  of  June  (thirty-ninth  application),  he  promenaded,  with 
the  aid  of  one  cane,  in  the  garden  for  a  quarter  of  an  hour. 
In  July  he  left  for  a  watering-place  on  the  E'orth  Sea,  whence 
he  returned  perfectly  well  after  a  sojourn  of  four  weeks. 

Case  81. — Captain  G.,  thirty-eight  years  of  age,  was,  six 
years  ago,  often  exposed  to  the  influence  of  cold,  while  on 
special  duty  in  the  cannon-foundery  of  Spandau.  Since  that 
time  he  noticed  a  certain  restlessness  in  both  legs,  to  which, 
however,  he  paid  no  attention  until  a  peculiar  feeling  of  cold 
and  insensibility  spread  over  the  whole  left  side  of  his  body 
which  appeared  to  be  divided  into  two  halves.  These 
anomalies  of  sensation  gradually  disappeared,  instead  of 
which  he  was  affected  with  a  continually  increasing  weak- 
ness and  unsteadiness  in  the  left  thigh,  reflex  movements  in 
both  legs,  a  considerable  emaciation  of  the  left  nates  and 
thigh,  and  a  feeling  of  pressure  in  the  dorsal  region.  For 
these  symptoms  he  was  ordered  a  cold-water  treatment, 
Russian  baths,  iod.  of  pot.,  and,  in  the  spring  of  1 863,  elec- 
tricity ;  which  latter  agent  improved  him  so  much  that,  after 
a  visit  to  Marienbad,  he  was  able  to  ride  on  horseback  with- 
out difficulty,  and  even  walk  with  a  slight  dragging  of  the 
leg.  He  continued  improving  slowly  in  this  state — inter- 
rupted only  temporarily  by  gastric  derangement  or  by  slight 
excesses  in  the  use  of  alcoholic  liquors,  when  his  limbs  be- 
came perfectly  immovable — until  October,  1867,  at  which 
time  he  fell  out  of  a  carriage,  and  was  unable  to  rise  again 
without  the  help  of  other  persons.  Since  that  time,  the 
lameness  and  unsteadiness  of  the  leg  increased  gi-eatly  ;  he 
could  not  walk  unless  he  kept  the  knee-joint  perfectly  ex- 
tended. Walking  down-stairs  also  caused  him  great  incon- 
venience. There  were,  likewise,  strong  reflex  motions  of  the 
legs,  with  a  progressing  and  very  decided  emaciation  of  the 
left  thigh.  When  I  saw  the  patient,  January  13,  1868,  the 
examination  showed,  besides  the  above-mentioned  symptoms, 
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only  a  pain  on  pressing  the  dorsal  region  without  any  de- 
rangement of  sensibility  and  coordination.  This  case  being 
a  circumscribed  myelitis,  I  applied  the  +  pole  upon  the 
painful  spot  of  the  spinal  column,  and  the  ; —  pole  upon 
the  region  of  the  left  crural  plexus.  By  this  method  I 
shortly  obtained  a  very  favorable  result,  for  after  the  ninth 
application  (January  2Tth)  the  nutrition  of  the  leg  had  im- 
proved a  great  deal,  the  lameness  was  very  much  reduced, 
ascending  a  staircase  became  again  possible,  greater  distances 
could  be  walked  on  foot  without  difficulty,  and  the  reflex 
movement  ensued  less  frequently.  This  improvement  con- 
tinued without  interruption  until  the  departure  of  the  pa- 
tient, February  12  th. 

Hitzig  reports  in  Yirchow's  Archiv.,  1867,  vol.  xl., 
the  following  case  of  traumatic  myelo-meningitis  spinalis, 
which  he  cured  through  the  use  of  the  constant  current : 

Sergeant  Hermann  Rothbart,  aged  thirty-five  years,  of 
a  strong  physique  and  well  -  developed  muscles,  was,  in 
March,  1865,  thrown  oif  his  horse,  falling  upon  the  lower 
portion  of  the  back.  Although,  since,  he  always  suffered 
from  pain  in  that  region,  he  performed  his  duties  until  May, 
when  he  was  taken  sick  with  pleurisy,  rendering  him  unfit 
for  duty  till  the  month  of  July.  From  this  time  the  pain 
in  the  back  gradually  increased,  in  addition  to  which,  he 
suffered  from  excentric  pain  in  the  extremities  and  great 
sensitiveness  of  the  skin.  The  patient  experienced  frequently, 
especially  in  the  lying  position,  a  feeling  of  formication  and 
numbness  of  the  feet ;  besides  these  symptoms,  he  always  felt 
as  if  there  were  cushions  under  his  feet.  Involuntary,  fibril- 
lar, partial  and  local  muscular  spasms  supervened,  the  motor 
power  was  more  and  more  diminished,  without,  however,  an 
actual  paralysis  existing,  with  the  exception  of  a  temporary 
diplopia.  Finally,  the  patient  suffered  three  to  four  times 
weekly  from  pollutions,  without  being  impotent  in  the  begin- 
ning. The  insecurity  of  locomotion  increased  daily,  he  was 
unable  to  walk  or  stand  in  the  dark  or  with  his  eyes  closed, 
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while  in  daytime  or  with  open  eyes  he  could  only  move  in  a 
bent  position,  dizziness  and  increased  pain  in  the  back  ensu- 
ing whenever  he  tried  to  assume  an  erect  position.  His  sleep 
being  disturbed  and  appetite  wanting,  he  became  very  much 
emaciated.  After  the  useless  employment  of  nitr.  of  silver, 
iodine,  etc.,  the  patient  applied  to  Dr.  Hitzig,  on  the  8th  of 
January,  1866.  He  stooped,  and  was  unable  to  raise  himself 
without  tottering ;  on  closing  his  eyes  he  groped  about  him, 
fearing  to  fall.  There  was  no  paralysis,  the  pupils  reacted 
normally;  a  slight  touch  of  the  skin,  except  on  the  face, 
with  a  pin's  head,  w^as  almost  entirely  unperceived.  Touch- 
ing the  skin,  the  extremities,  and  the  trunk,  caused  violent 
reflex  spasm  in  the  limbs  and  trunk.  The  vertebral  col- 
umn, especially  about  the  intervertebral  spaces,  was  very 
sensitive.  The  patient  was  treated  with  stabile  descend- 
ing currents.  After  the  eighth  application,  January  16th, 
sleep  lasting  for  seven  hours,  almost  no  spontaneous  pain,  a 
feeling  of  ease  in  the  legs.  Gastric  derangement  required 
the  proper  remedies,  but  did  not  necessitate  an  interruption 
of  the  electric  treatment ;  on  the  contrary,  the  treatment  of 
the  sympathetic  nerve  exercised  a  favorable  influence  upon 
the  general  health.  In  addition  to  this,  the  two  crural  nerves 
were  also  treated,  after  January  28th,  in  the  same  manner, 
with  such  a  good  result,  that  the  patient  was  able,  on  the 
8th  of  February,  to  stand  with  closed  eyes  for  fifteen  min- 
utes, the  feeling  of  cushions  on  the  lower  surface  of  his  feet 
having,  in  the  mean  time,  almost  entirely  disappeared.  The 
experimental  employment,  however,  of  labile  currents  on  the 
9th  and  10th  of  February,  rendered  him  decidedly  worse, 
which,  however,  was  soon  obviated  through  the  galvaniza- 
tion of  the  sympathetic.  This  latter  method  of  treating  the 
large,  nervous  trunks  with  descending  currents,  and  the 
spinal  marrow  by  applying  the  positive  pole  over  the  painful 
vertebrae,  improved  the  patient  to  such  an  extent  that,  on  the 
22d  of  February,  after  the  treatment  had  been  continued  for 
six  weeks,  none  of  the  above-described  nervous  symptoms 
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remained,  except  a  moderate  pain  on  pressing  several  inter- 
vertebral spaces.  The  patient  walked  greater  distances, 
sometimes  even  for  hours  in  succession,  in  consequence  of 
which,  he  was  discharged,  on  the  20th  of  March,  and  soon 
after  appointed  a  messenger  for  the  laity  court.  A  relapse, 
ensuing  on  I^ovember  10th,  was  nearly  removed  at  the.  end 
of  December,  without  preventing  him  from  the  discharge  of 
his  duties,  when  great  exertion  and  a  heavy  cold,  in  the  first 
days  of  January,  produced  the  same  state  of  disease  as  in  the 
beginning,  with  a  far  stronger  expression  of  the  nervous 
symptoms  (convulsive  movements  in  the  left  thigh  and  leg). 
A  greater  psychical  depression  and  a  considerable  gastric  de- 
rangement also  appeared,  necessitating  another  two  months' 
treatment  analogous  to  the  above-described,  until  he  received 
the  appointment  of  letter-carrier  to  the  same  couA,  on  the 
1st  of  March  of  the  same  year.  In  the  course  of  the  treat- 
ment. Dr.  Hitzig  repeatedly  availed  himself  of  the  occasion 
to  examine  the  patient's  sense  of  touch  in  the  legs  and  feet. 
He  has  added  some  drawings  representing  the  gradually 
progressing  improvement  up  to  the  nearly  normal  state. 


With  regard  to  tabetic  paralysis — a  name  still  to  be  re- 
tained for  the  present,  inasmuch  as  the  gray  degeneration 
of  the  posterior  columns  forms  at  best  the  final  result  of  the 
morbid  process,  the  ataxia  being  neither  peculiar  to  this  spe- 
cies of  disease,  nor  existing  in  all  cases  of  this  category — its 
prognosis  is  by  no  means  as  bad  as  it  used  to  be  considered. 
In  the  first  place,  affections  of  the  spinal  marrow  sometimes 
occur,  having  all  the  characteristic  symptoms  of  tabes,  which 
are  perfectly  cured  in  the  beginning  by  absolute  rest  in  the 
supine  position  and  a  corresponding  dietetic  regimen.  In 
the  second,  the  use  of  the  nitrate  of  silver  and  of  electricity 
in  the  more  advanced  stages  of  the  disease  has  been  accom- 
panied by  results  sufiiciently  favorable  to  warrant  us  in  pro- 
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nouncing  them  cures.  Of  these  two  remedies,  the  nitrate  of 
silver  has  but  little  fulfilled  the  expectation  entertained  about 
its  employment,  although  it  has  an  unmistakable  influence 
upon  the  removal  of  a  possibly  existing  paralysis  of  the 
bladder,  and  of  a  coexisting  gastric  and  intestinal  catarrh,  to 
which,  perhaps,  may  be  added  an  improved  security  of  the  gait 
by  its  reducing  the  reflex  excitability  of  the  spinal  marrow. 
Still,  the  case  lately  published  by  Eulenburg  *  encourages 
new  experiments  with  this  remedy.  The  use  of  electricity, 
however,  has  produced  a  larger  number  of  improved,  and 
even  cured  cases.  To  the  latter  category  those  cases  espe- 
cially belong,  in  which  the  patients  complain  spontaneously 
of  pain  at  a  certain  point  of  the  spinal  marrow,  or  where  a 
careful  examination  reveals  a  spot  particularly  sensitive  to 
pressure.*  This  spot,  the  probable  seat  of  a  primary  or 
secondary  meningitis,  must  especially  be  taken  into  consid- 
eration, as  treatment  with  the  constant  current  renders  it 
sometimes  possible  to  remove  the  characteristic  symptoms 
of  the  disease.  The  following  is  the  method  to  be  employed : 
The  positive  electrode  of  a  pretty  powerful  battery  (thirty 
to  forty  elements)  is  placed  upon  the  tender  spot,  and  there 
kept  for  from  three  to  five  minutes,  while  the  negative  pole 
is  applied  to  the  back  near  the  spinal  column. 

I  am  indebted  to  the  kindness  of  Dr.  Drissen  for  the  fol- 
lowing cases,  treated  by  himself  and  belonging  to  this  cat- 
egory : 

Case  82. — Mr.  S.  O.,  aged  fifty-two  years,  had  suffered 
for  six  years  from  neuralgic  pains,  of  an  eccentric  type,  in 
the  legs.  A  fire  breaking  out  two  years  ago,  he  jumped 
out  of  bed  in  the  night  in  order  to  assist  in  extinguishing  it. 
He  received  a  severe  cold ;  ataxia  followed,  which  increased 
to  such  a  degree  that  he  was  at  last  unable  to  walk.  After 
some  time  a  slight  improvement  took  place,  giving  the  pa- 
tient an  opportunity  to  go  to  Berlin.  When  he  first  pre- 
sented himself,  his  gait  was  insecure,  he  fell  as  soon  as  he 
*  Verhandlungen  der  Berl.  med.  Gesellschaft,  vol.  ii.,  ISC'?. 
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closed  his  eyes,  and  was  hardly  able  to  keep  on  his  legs,  sup- 
ported by  a  cane.  The  right  leg  was  worse  than  the  left, 
and,  consequently,  the  anaesthesia  of  the  sole  of  the  right 
foot  also  greater.     The  upper  extremities  were  not  affected. 

As  the  first  lumbar  vertebra  was  found  to  be  sensitive  on 
pressing  it,  the  treatment  was  directed  exclusively  to  this 
vertebra,  to  which  the  positive  pole  was  applied,  while  the 
negative  pole  was  placed  alternately  upon  the  right  and  left 
hip.  After  the  fifth  application,  the  tottering,  while  the 
eyes  were  closed,  was  hardly  perceptible ;  the  numbness  of  the 
soles  of  the  feet  had  disappeared,  and  the  patient  was  able  to 
walk  greater  distances  without  being  tired  and  without  even 
using  a  cane.  I  was  prevented  from  observing  the  patient 
any  longer,  as  he  declared  himself  cured,  leaving  Berlin 
after  the  sixth  application. 

Case  83. — J.  W.,  aged  thirteen  and  a  half  years,  presented 
the  following  symptoms,  gradually  developed  in  the  course 
of  a  year :  He  was  hardly  able  to  walk  a  few  steps  without 
getting  immediately  tired ;  the  left  leg  especially  was  strongly 
thrown  forward  while  walking,  and  the  whole  gait  offered  the 
picture  of  a  patient  suffering  from  tabes.  He  was  unable  to 
place  the  right  leg  upon  a  chair,  and  the  left  leg  only  by 
holding  on  to  something.  Patient  complained  of  an  indistinct 
sensation  under  the  soles  of  the  feet,  although  objectively  no 
considerable  derangement  of  sensibility  could  be  proved.  He 
tottered  strongly  whenever  he  closed  his  eyes.  The  third  dor- 
sal vertebra  being  painful  on  pressure,  the  positive  electrode 
was  attached  to  it,  while  the  negative  was  placed  upon  the  re- 
gion of  the  hip.  After  the  first  application  the  patient  was 
immediately  able  to  place  the  right  leg  upon  a  chair ;  the 
improvement,  however,  disappeared  at  the  first  time  of  the 
treatment  after  a  few  minutes.  This  treatment  continued, 
with  frequent  interruptions,  for  seven  months,  when  J.  was 
able  to  walk  for  hours  in  succession,  and  to  run  without  any 
great  fatigue.  Since  that  time  his  body  has  been  developed 
normally,  and  now  he  is  a  robust  boy.     After  the  lapse  of  a 
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year,  there  exists,  as  tlie  only  morbid  symptom,  a  slight  tot- 
tering while  the  eyes  are  closed. 

Case  84. — The  merchant  P.  K.,  thirty  years  old,  suffered 
for  several  years  from  frequent  pollutions  and  nightly  erec- 
tions, a  slight  fatigue  while  walking,  and  a  feeling  of  tension 
in  the  inner  surface  of  the  thighs ;  in  addition  to  which,  late- 
ly, a  feeling  of  being  bruised  between  the  shoulder-blades, 
pressure  upon  the  chest,  and  lancinating  pains  in  the  lower 
extremities  supervened.  In  this  case  the  positive  pole  was 
placed  upon  the  fifth  vertebra,  it  being  tender  on  pressure, 
and  the  negative  upon  the  hip-joint.  By  this  method  the 
patient,  who  felt  better  if  not  too  often  galvanized,  was 
treated  for  six  weeks,  until  the  perfect  removal  of  his  com- 
plaint, twelve  applications  having  in  all  been  made.  In 
about  a  year  the  former  symptoms  reappeared,  after  he  had 
repeatedly  performed  the  sexual  act  with  great  excitement. 
He  recovered,  after  having  been  galvanized  three  times  in 
the  same  manner. 

In  a  majority  of  cases  of  this  kind,  however,  no  such  pain- 
ful spots  can  be  found,  probably  because  the  cells  of  the  cen- 
tral nerves  are  primarily  affected,  while  the  spinal  meninges 
remain  intact.  These  offer,  with  regard  to  the  result  of  the 
treatment,  a  far  more  unfavorable  result.  Remak,  trying  to 
ascertain  their  local  seat,  has,  in  accordance  with  the  differ- 
ent symptoms,  constructed  a  tabes  lumbo-sacralis,  lumbo- 
dorsalis,  dorsalis  inferior  and  superior,  cervicalis,  basalis,  and 
cerebellaris,'  a  division  of  some  practical  importance,  inas- 
much as  he  bases  his  method  of  treatment  upon  applying 
every  time  the  positive  conductor  to  that  place  which  he  be- 
lieves to  be  the  local  seat  of  the  disease.  How  far  this  divi- 
sion is  defensible  on  anatomical  grounds  the  results  of  jpost- 
mortem  examinations  must  decide ;  but  it  cannot  be  denied 
by  those  witnessing  his  presenting  some  patients  to  the  Ber- 
liner Med.  Society,'*  on  July  13, 1864,  that  he  obtained  by 

1  See  Allgem.  med.  Central  Zeitung,  1862,  p.  869,  et  seq. 

2  See  Berliner  kliniseh  Woehenschrift,  1864,  p.  393. 
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this  method  very  favorable  results.  We  shall  briefly  give 
the  most  pregnant  symptoms  upon  which  his  division  is 
based,  by  comprising  the  first  four  species  under  the  name 
of  tabes  dorsalis  proper,  as  they  possess  less  characteristic 
symptoms  distinguishing  them  from  each  other.  Their 
characteristics  are — insecurity  of  gait,  constant  affection  of 
bladder,  rectum,  and  the  genital  organs ;  no  other  disease  of 
the  eyes  except,  perhaps,  a  dilatation  of  the  pupils ;  pain,  if 
at  all  present,  never  as  violent  as  in  the  other  kinds.  Tabes 
cervicalis  is  not  only  distinguished  by  the  small  size  and  im- 
movability of  both  pupils,  but  mainly  by  exceedingly  violent 
attacks  of  excentric  neuralgia  of  the  arms  and  legs ;  the 
paraplegic  symptoms  may  for  many  years  remain  of  a  low 
grade.  Tabes  basalis  generally  begins  with  derangement 
of  the  eyes — double  vision  or  squinting.  There  are,  in  addi- 
tion, also,  amblyopia  and  atrophy  of  the  retina,  while  pain 
is  mostly  absent.  Tabes  cerebellaris  makes  itself  known  by 
the  highest  degree  of  uncertainty  of  gait  and  a  receding  of 
all  other  symptoms.     Pain  never  occurs. 

If  the  catalytic  action  of  the  current  in  this  method  of 
application  takes  an  important  position,  we  must  seek  an- 
other explanation  for  the  method,  which  consists  in  passing 
a  weak  current,  generated  from  ten  or,  at  the  highest,  twen- 
ty elements,  through  the  neck  to  the  lumbar  region,  and 
which  also  has  been  accompanied  by  good  results.  Here, 
unless  we  take  it  for  granted — what  has,  however,  not  yet 
been  proved  by  any  fact — ^that  it  is  possible  to  revive,  by 
means  of  the  current,  the  functionless  fibres  and  ganglion - 
cells  of  the  spinal  marrow,  the  unmistakably  favorable  in- 
fluence of  the  current  can  only  be  accounted  for  by  assuming 
that  it  renders  the  diseased  and  inactive  elements,  which  are 
still  capable  of  performing  their  functions,  fit  for  activity. 
This  is  similar  to  those  cases  of  congenital  facial  paralysis 
observed  by  me,  in  which  a  single  or  double  faradization 
rendered  the  buccinator  muscle  supplied  by  the  motor  por- 
tion of  the  trigeminal  nerve  capable  of  permanently  per- 
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forming  its  function,  although  thej  did  not  come  under 
medical  treatment  until  after  ten  and  even  nineteen  years.^ 
"Weak  currents  are  here  especially  indicated,  because  most 
of  the  patients  aifected  with  disease  of  the  spinal  marrow 
suffer  from  great  nervous  irritability,  and  consequently  their 
nervous  system  is  easily  exhausted. 

I)r.  Seeligmueller '^  has  published  the  following  case  of 
this  kind : 

Thielemann,  a  mason,  aged  forty-two  years,  had  had  an 
apoplectic  attack,  first  ^yq  years  and  then  two  years  ago. 
After  the  first  attack  his  four  extremities  were  variously 
paralyzed  to  a  high  degree,  and  he  did  not  recover  till  half 
a  year  afterward.  The  paralytic  state  brought  about  by 
the  second  attack  still  remained  to  the  same  degree  and  ex- 
tent when  he  was  received  into  the  institution.  Concerning 
the  motor  disturbances,  he  appears  on  the  street  as  if  he 
were  drunk ;  his  left  leg  and  right  arm  are  especially  weak. 
Every  attempt  to  stand  with  closed  eyes  is  followed  by  an 
attack  of  dizziness.  He  is  unable  to  mount  a  chair  without 
help.  The  following  are  the  symptoms  of  deranged  sensi- 
bility :  Pain  in  the  sacral  and  lumbar  region ;  deafness,  and 
formication  in  the  hands  and  feet ;  impossibility  of  feeling 
small,  thin  substances,  like  coins  or  needles,  or  to  take  them 
off  the  table ;  and,  finally,  a  sensation  as  if  his  chest  were 
compressed  by  a  strap.  The  anaesthetic  zone  extends  from  the 
level  of  the  spinal  scapulae  up  to  the  vertex  and  laterally  to 
the  side-whiskers.  In  this  zone  the  prick  of  a  needle  is  well 
localized,  but  sensation  is  dull,  the  same  as  in  the  fingers 
and  toes.  He  denies  any  excess  in  venery.  Has  had  seven 
children,  the  last  ten  years  ago.  Is  impotent,  having  no 
erections.  The  urine  does  not  come  out  with  the  proper  jet, 
and  sometimes  escapes  involuntarily. 

The  patient  was  treated  daily,  for  ten  minutes,  with  a 

^  See  Cases  31  and  32. 

'  See  Correspondenzblatt  der  Vereins  der  Aerzte  der  Regierungsbezirks 
Merseburg,  1861,  No.  7. 
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current  of  ten  elements  descending  the  spinal  marrow,  by 
placing  the  positive  pole  above  the  anaesthetic  dorsal  zone, 
and  the  negative  pole  on  the  upper  lumbar  region.  After 
the  first  application,  the  result  was  wonderful.  The  pain  in 
the  back  ceased,  sensibility  in  the  thumb  and  index-finger  of 
both  hands  improved  a  great  deal ;  he  walked  more  securely, 
and  crossed  the  street,  for  the  first  time,  without  a  cane. 
After  the  second  application  he  was  able  to  turn  the  head 
in  every  direction  without  getting  dizzy,  as  before,  when- 
ever he  looked  behind  while  walking.  About  an  hour  after 
the  second  application  he  perceived  a  higher  sensibility  in 
both  middle  fingers.  After  the  third  application  the  feeling 
in  both  hands,  the  little  fingers  excepted,  was  very  good ; 
he  also  felt  the  floor  better,  and  the  left  leg  was  stronger. 
He  said  that,  since  the  third  application,  he  constantly  felt, 
for  a  short  time  after  each  application,  an  increased  tickling, 
first  in  the  more  paralyzed  foot,  then  in  the  left  arm,  then 
in  the  right  arm,  then  in  the  right  foot,  and  finally  in  every 
extremity  alike.  After  the  fifth  application,  the  walk  of  the 
patient  had  visibly  improved.  He  was  now  able  to  walk 
upon  the  pavement  for  a  whole  afternoon  at  a  time ;  further- 
more, he  perceived  plainly  the  slightest  touch  in  the  anaes- 
thetic zone ;  his  sleep,  formerly  very  restless  and  short,  had 
now  become  long  and  deep.  During  the  seventh  application 
the  current  was  felt  in  the  little  finger  of  the  right  hand. 
As  he  now  complained  only  of  a  painful  stiffness  of  the 
neck,  six  elements  were  passed  through  it,  in  addition  to  the 
ten  applied  to  the  vertebral  column.  In  this  manner,  also, 
the  patient's  last  complaint  was  removed  almost  entirely 
after  seven  additional  applications,  so  that  he  could  be  con- 
sidered cured  after  fourteen  applications. 

Dr.  Seeligmueller  saw  the  patient  again  a  year  and  a 
half  after  the  treatment.  The  results  obtained  by  it  were 
substantially  the  same.  He  had  been  able  to  work  contin- 
ually, and  nothing  remained  of  his  former  disease  except  a 
slight  dragging  of  the  left  foot. 
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Few  such  pronounced  cases  are  on  record  up  to  the  pres- 
ent time.  More  frequently  the  progress  made  after  the  first 
applications  is  astonishing,  but  soon  arrives  at  its  limits, 
which  cannot  be  overstepped,  probably  on  account  of  the 
existing  anatomical  changes.  Frequently  we  must  remain 
satisfied  with  having  improved  one  or  the  other  symptom, 
and  often  even  this  is  not  attained.  Sometimes  it  is  advan- 
tageous to  add  a  peripheral  to  the  central  treatment,  partial- 
ly by  employing  the  spinal  marrow-nerve  current,  partially 
by  direct  galvanization  of  the  sensitive  nerves,  which,  if 
indicated — that  is,  after  removal  of  the  irritation  of  the 
spinal  marrow — are  not  without  influence  upon  the  security 
of  gait.  In  each  case  the  experiment  must  decide  on  their 
suitableness. 

I  have  myself  met  with  as  much  success,  through  fara- 
dization of  the  anaesthetic  skin  by  means  of  the  electric 
brush,  as  could  be  obtained  by  galvanization.^  On  one 
hand,  probably  the  direct  influence  on  the  sensible  nerves, 
on  the  other  hand,  the  reflex  action  produced  by  the  brush 
from  the  sensible  upon  the  motor  nerves,  has  contributed 
to  the  attained  result.  It  is,  of  course,  understood  that  the 
latter  method  is  made  use  of  by  way  of  experiment  only 
in  such  cases  where  there  are  not  only  no  symptoms  of  in- 
flammatory irritation  of  the  spinal  marrow,  but  where,  also, 
there  exists  even  no  increased  irritability  in  decrepit,  old 
individuals. 

Case  85. — ^Professor  Z.,  born  in  1803,  although  not  a 
strong  child,  still  always  enjoyed  good  health.  While  a 
young  man,  he  was  very  much  devoted  to  his  studies,  lead- 
ing necessarily  a  most  sedentary  but  in  every  respect  tem- 
perate life.  In  1844  he  noticed  for  the  first  time,  especially 
after  an  unusual  mental  exertion,  a  decided  relaxation  of 
his  limbs,  with  a  violent  headache,  against  which  neither 
Kissingen  nor  Franzensbad  gave  any  relief.  His  complaints 
even  increased  since  that  time,  especially  in  1846,  he  fre- 

>  See  Case  85. 
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quently  fainting  in  consequence  of  the  headache.  A  sojourn 
of  six  weeks  in  Homburg,  a  journey  through  France  and 
Belgium,  and  finally  the  sea-baths"  of  Ostend,  relieved  the 
headache  entirely,  without  its  ever  returning  again.  In  the 
year  of  1848,  however,  which  caused  him  many  mental 
emotions  and  excitements,  an  abdominal  derangement  be- 
gan, increasing  gradually  in  violence.  Diarrhoea  followed 
constipation,  blood  and  mucus  passed  from  the  rectum,  and 
finally  he  was  afiected  with  prolapsus  ani.  The  Marien- 
bader  Kreutzbrunnen  and  the  subsequent  use  of  sea-baths 
did  not  produce  the  slightest  change.  In  addition  to  this, 
there  supervened,  in  1851,  violent  pain  in  the  back,  extend- 
ing to  the  chest,  or  the  hips  and  thighs,  or  the  hands,  in 
which  latter  case  writing  became  very  inconvenient  to  him. 
This  state  continuing  about  the  same  till  1857,  with  the  ex- 
ception of  a  few  exacerbations  caused  by  too  much  mental 
exertion  or  by  the  changes  of  temperature,  he  became  much 
worse  in  the  summer  of  the  same  year.  The  use  of  his 
hands  and  feet  failed  him  nearly  entirely ;  while  walking, 
on  the  11th  of  August,  he  suddenly  lost  all  power  of  sensa- 
tion; abdominal  and  vesical  derangement  also  ensued.  I 
saw  the  patient  for  the  first  time  October  2,  1857.  He 
was  then  fifty-four  years  old,  anaemic,  emaciated,  and  ca- 
chectic. An  attempt  to  stand,  or  walk  a  few  steps,  his 
eyes  closed,  produced  such  tottering  that  he  seemed  to  fall 
every  moment ;  at  the  same  time  there  began  a  continual 
vibrating  motion  of  the  orbicularis  palpebrarum.  Changes 
in  the  pupil  were  not  observed.  The  patient  complained  of 
a  sensation  of  constriction  originating  from  the  lumbar  ver- 
tebrae, of  a  neuralgic  pain  along  the  course  of  both  saphenous 
and  ulnar  nerves,  of  a  feeling  of  heaviness  in  his  hands,  stiff- 
ness in  his  feet,  and  especially  a  perfect  insensibility  in  the 
left  great  toe ;  also  a  frequent  desire  to  pass  water,  with  a 
scanty  evacuation,  especially  in  the  daytime,  while  in  the 
night  the  urine  often  escaped  involuntarily,  it  being  thick, 
alkaline,  and  containing  sediment.     The  bowels  acted  slow- 

26 
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ly,  usually  requiring  injections  of  cold  water.  The  anus  was 
prolapsed,  the  nates  relaxed  and  emaciated.  Concerning 
the  electric  condition  of  the  muscles,  the  electro-muscular 
contractility  and  sensibility  were  reduced  to  a  very  moderate 
degree ;  the  skin,  however,  was  anaesthetic  in  the  lower 
ulnar  regions,  in  the  soles  of  the  feet,  and  in  the  toes.  The 
feet  were  constantly  cold,  the  skin  dry,  appetite  pretty  fair, 
sleep  frequently  interrupted  by  pain.  Thinking  that  there 
was  but  little  chance  for  improving  a  case  apparently  so  far 
advanced,  I  deemed  it  sufficient  to  allow  the  electric  pencil 
to  act  in  a  plainly  perceptible  degree  upon  the  legs  and  feet, 
and  upon  the  anaesthetic  portions  of  the  arms.  The  result 
was  surprising.  The  patient  was  able,  after  the  third  ap- 
plication, to  stand  easier,  and  to  walk  through  the  room 
without  assistance,  the  pain  also  diminishing.  Sixth  appli- 
cation (October  20th) :  the  improvement  continued,  passing 
the  urine  became  easier,  the  patient  felt  stronger  and  more 
courageous,  the  feet  warmer.  ^Ninth  application  (October 
30th) :  patient  can  write  easier ;  j)ain  reappeared,  being, 
however,  but  slight  and  of  short  duration ;  the  gait  was  easier, 
the  tottering  less.  Thereafter  the  muscles  of  the  leg,  quad- 
riceps femoris,  and  the  glutaei  muscles,  were  stimulated  by 
mild  currents.  Fourteenth  application  (^^Tovember  17th) : 
patient  had  taken  a  walk,  felt  very  well  after  it ;  urine 
flowed  easier  and  more  freely,  the  involuntary  nightly  escape 
was  less,  feet  were  warm.  The  patient  was  able  to  walk  from 
his  residence  to  the  Eoyal  Library,  and,  after  working  for 
several  hours,  to  return  home  again  on  foot.  Pain  general- 
ly only  ensued  in  the  course  of  the  winter,  during  fluctu- 
ations of  temperature,  when  especially  the  great  toe  of  his 
left  foot  was  aifected.  The  insensibility  of  the  hands  oc- 
curred only  temporarily,  and  then  in  never  as  high  a  degree 
as  before.  The  urinary  complaints  still  existed,  but  were 
considerably  diminished.  He  continued  in  this  state  of 
health  for  the  next  year,  using  steel-baths,  and  being  en- 
abled to  walk  great  distances  without  difficulty. 
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"We  have  already,  in  the  previous  chapters,  become  ac- 
quainted with  a  series  of  cases  cured  or  improved  by  gal- 
vanizing the  sympathetic  nerve.  They  were  the  following : 
1.  Paralysis  of  vasomotor  nerves  (see  Case  1).  2.  Primary  ar- 
terial spasm.  3.  Apoplectic  paralysis  (see  Case  87).  4.  Cases 
of  progressive  muscular  atrophy,  with  or  without  swelling 
of  the  joints  (see  Cases  pages  253  and  299).  5.  E"euralgias 
and  spasms  of  cerebro-spinal  nerves,  the  starting-point  of 
which,  as  the  result  of  the  treatment  proved  beyond  doubt, 
had  to  be  sought  for  in  an  affection  of  the  sympathetic  sys- 
tem (see  Cases  pages  331  and  369).  The  cases  adduced  un- 
der 1  and  2  can  be  fully  explained  by  the  direct  action  of 
the  current  on  the  sympathetic  system,  and  the  influence  of 
the  latter  upon  the  vasomotor  nerves,  while  the  favorable 
results  obtained  in  apoplectic  paralysis  must  be  ascribed  to 
the  indirect  catalytic  actions  mentioned  on  page  370  and  in 
other  places.  It  is  otherwise  with  the  cures  mentioned  un- 
der 4  and  5 ;  their  accomplishment  must  be  explained  by 
the  hypothesis  of  a  direct  or  indirect  influence  of  the  sym- 
pathetic upon  motor  and  sensor  nerves.  This  hypothesis 
appears  to  be  plausible,  yet  no  fact  can  be  adduced  in  proof 
of  it  except  Kemak's  experiment  quoted  on  page  80,  where 
he  produced  the  relaxation  of  the  levator  palp,  sup.,  and  the 
spasmodic  contraction  of  the  orbicularis  palp.,  after  having 
cut  the  sympathetic  nerve  in  the  neck  of  a  cat.  We  find 
probable  reasons  for  the  relation  of  the  sympathetic  system 
to  the  motor  nerves  in  the  setting  in  of  diplegic  contrac- 
tions, which  can  be  produced  in  single  cases  only  from  the 
known  places  of  application  at  the  cervical  ganglia  of  the 
sympathetic  (see  Case  87),  as  well  as  in  the  repeatedly  ob- 
served (in  progressive  muscular  atrophy)  symptoms,  consist- 
ing of  an  increase  of  circumference,  power  of  function,  and 
excitability  of  atrophic  muscles,  in  consequence  of  employ- 
ing the  same  method.  The  relation  to  the  sensitive  nerves 
is  confirmed  by  the  repeatedly  experienced  sensation  of  the 
patients  during  this  operation — of  their  perceiving  a  passing 
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through  or  tickling  in  the  arm  or  leg,  sometimes  on  that 
side  on  which  the  cervical  portion  of  the  sympathetic  has 
been  brought  into  the  current,  sometimes  on  the  opposite 
side. 

With  reference  to  the  practice  of  the  method,  I  think 
it  better  to  place  one  conductor  on  the  inner  side  of  tlie 
sterno-cleido-mastoid  muscle,  while  the  other  is  applied  to 
that  portion  of  the  neck  where  the  respective  ganglion  is 
aifected  by  the  greatest  possible  number  of  currents,  than 
to  apply  both  in  the  direction  of  the  sterno-cleido-mastoideus. 
In  the  first-mentioned  method  the  direction  of  the  current  is 
necessarily  rather  indifferent. 

We  shall  cite  a  few  more  cases  belonging  to  this  category. 

Case  86. — Gottfried  Kornemann,  aged  forty-six  years,  a 
waiter,  after  having  been  exposed  to  the  influence  of  cold, 
perceived,  for  the  first  time  in  October,  1860,  a  feeling  of 
stinging  and  constriction  in  his  throat,  connected  with  pha- 
ryngeal spasm,  rendering  the  act  of  deglutition  impossible 
for  hours.  These  attacks  recurred  at  uncertain  intervals, 
making  the  patient  feel  as  if  there  was  something  "  glued  " 
into  the  cavity.  Soon  other  disturbances  of  motion  and  sen- 
sation supervened.  They  consisted,  usually,  of  a  feeling  of 
tension  originating  in  the  heels,  and  thence  extending  along 
the  vertebral  column  to  tlie  occipital  region.  He  felt  as  if 
his  head  were  covered  with  a  cold  plate,  his  chest  constricted 
with  a  hoop,  his  abdomen  distended,  as  though  air  were 
being  continually  pumped  into  it.  At  times  there  ensued 
a  state  of  relaxation  and  exhaustion,  followed  by  a  general 
trembling,  or  a  feeling  of  insecurity  extended  over  the  whole 
body,  while  in  the  sitting  position,  of  falling  off  a  bench, 
while  walking,  of  having  india-rubber  in  the  joints  and  un- 
der the  soles  of  the  feet,  which  frequently  were  benumbed. 
Sometimes  visible  spasms  occurred  in  the  heels,  knee-joints, 
and  in  the  neck,  which  latter  part  was  so  violently  affected 
that  the  head  was  turned  from  the  right  to  the  left.  Grad- 
ually he  found  it  difficult  to  stand ;  walking  and  momiting 
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stairs  became  impossible.  I  saw  the  patient  for  the  first 
time  on  May  5,  1865.  The  starting-point  of  his  affection 
was  undoubtedly  the  right  lateral  cervical  region,  which  was 
greatly  swollen,  hard,  and  very  painful,  especially  when 
pressing  upon  the  place  corresponding  to  the  superior  cervical 
ganglion,  which  pressure  also  caused  simultaneously  painful 
sensations  reaching  as  far  as  the  occiput.  The  sensibility, 
when  he  was  touched  or  pricked  with  a  needle,  was  intact ; 
the  patient  could  feel  correctly  without  the  aid  of  his  sight. 
As  this  case  depended  upon  the  disappearance  of  the  cervical 
swelling  (producing,  according  to  our  diagnosis,  the  above- 
mentioned  symptoms  by  pressing  upon  the  cervical  ganglia 
of  the  sympathetic),  a  large  conductor  was  placed  upon  the 
anterior,  and  another  conductor,  corresponding  in  size  to  the 
former,  upon  the  posterior  right  side  of  the  neck.  This 
treatment  having  been  continued  for  one  and  a  half  years, 
a  resorption  of  the  swelling  was  brought  about,  causing  a 
gradual  disappearance  of  all  the  symptoms  of  sensor  and 
motor  derangement.  In  this  patient,  also,  the  operation 
produced  a  feeling  of  flowing  in  the  arm  and  leg,  especially 
in  the  affected  right  side  of  the  body.  After  a  lapse  of  six 
months  the  patient  was  enabled  to  take  long  walks,  and 
to  perform  temporarily,  in  the  winter  of  1866,  his  duty  of 
waiting  at  the  table,  having  been  galvanized  two  hundred 
and  seventy  times  up  to  that  period.  In  the  course  of  the 
year  1867  he  presented  himself  but  rarely,  the  morbid  symp- 
toms ceasing  one  after  another. 

Case  87.  —  Heinrich  Struck,  tailor,  aged  twenty-five 
years  and  six  months,  suffered  from  a  severe  cold  in  his  nose 
about  eight  days  ago,  which  suddenly  disappeared,  being 
replaced  by  a  progressive  anaesthesia.  It  began  with  a  feel- 
ing of  tickling  in  the  sole  of  the  left  foot,  accompanied  by 
a  sensation  of  cold  and  numbness.  These  sensations  af- 
fected, within  two  days,  the  whole  left  side  of  the  body, 
extending  up  to  the  arm,  the  anterior  portion  of  the  abdom- 
inal wall  only  remaining  intact.     Irritating  ointments  had 
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no  influence;  on  tlie  contrary,  the  disease  also  attacked,  in 
spite  of  them  and  the  use  of  four  Russian  baths,  the  whole 
right  side,  although  in  a  less  degree.  In  this  state  he  was 
seen  by  me,  J^ovember  10,  1867.  There  was,  especially  in 
the  left  arm,  a  feeling  of  great  weakness,  the  patient  being 
unable  to  hold  a  cane  with  that  hand.  Neither  could  he,  in 
consequence  of  the  anaesthesia,  take  small  substances  off  the 
table,  or  button  his  coat  with  this  arm:  Touching  the  skin 
with  the  finger  or  the  needle  was  felt  but  slightly.  Every 
attempt  to  separate  the  fingers  and  to  bring  them  near  each 
other  again,  was  followed  by  incorrect  movements.  He  also 
had  a  sensation  of  tension  in  all  the  joints  of  the  upper  and 
lower  extremities,  those  of  the  left  side  being  more  affected, 
as  was  the  case  with  the  other  symptoms. 

I  employed  the  full  strength  of  the  electric  brush  in  the  first 
two  applications — the  temporary  improvement  disappearing 
before  the  next  sitting.  In  the  next  three  applications,  the 
use  of  the  constant  labile  current,  from  the  brachial  plexus  to 
the  hand,  and  in  the  thigh,  in  a  corresponding  manner,  gave 
no  result  whatever.  I  now  resolved  to  galvanize  the  sym- 
pathetic nerve.  Galvanization  of  the  right  cervical  sympa- 
thetic nerve  produced  diplegic  contractions  in  the  arms  and 
legs ;  usually,  however,  not  till  the  actions  had  continued  for 
some  time,  and  to  a  higher  degree  in  the  first  applications 
than  at  a  later  period.  Galvanization  of  the  left  cervical 
sympathetic  had  either  no  result  or  but  a  slight  one, 
while  at  other  points  they  could  not  be  produced  at  all  in 
the  well-nourished  and  muscular  patient.  Together  with 
the  application  of  the  positive  pole  to  the  right  cervical 
sympathetic,  there  occurred  a  strong  perspiration  in  the  left 
axilla  and  vice  mrsa.  After  the  first  applications,  made  in 
the  beginning,  daily,  the  feeling  of  tightness  disappeared 
from  the  right  side ;  it  took,  however,  a  much  longer  time 
before  the  insensibility  of  the  left  side,  especially  of  the  arm 
and  hand,  decreased.  For  this  reason  the  treatment  had  to 
be  continued,  with  frequent  interruptions  of  two  and  three 
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days,  till  January  10,  1868,  before  tlie  patient  again  became 
able  to  work,  and  no  rapid  improvement  took  place  nntil 
very  strong  currents  (up  to  thirty-eight  elements)  were  em- 
ployed, the  negative  electrode  being  usually  applied  to  the 
lumbar  or  sacral  region. 

Dr.  Drissen  observed  the  following  case : 

Case  88. — A.  G.,  eighteen  years  of  age,  after  having 
lifted  a  very  heavy  Weight,  noticed  a  heaviness  and  stiffness 
of  his  arms,  which  gradually  increased,  especially  on  the 
right  side,  thence  extended  to  the  fingers,  making  it  impos- 
sible for  him  to  write.  He  also  was  affected  by  neuralgic 
pain  in  the  course  of  the  median  and  ulnar  nerve.  After  a 
six  weeks'  peripheral  treatment  with  the  constant  current 
had  not  only  done  no  good,  but  also,  according  to  the  pa- 
tient, rendered  him  still  worse,  he  applied,  on  the  25th  of 
I^ovember,  1865,  to  Dr.  Drissen,  who,  upon  an  examination, 
found  the  deltoid,  biceps,  and  extensor  muscles  of  the  right 
forearm  to  be  hard,  and  Yalleix's  pressure  points  on  the 
median  and  radial  nerves  painful.  He  but  imperfectly,  and 
with  great  exertion,  succeeded  in  raising  the  arm,  bend- 
ing the  elbow-joint,  or  stretching  and  bending  the  fingers, 
which  were  usually  in  a  state  of  semiflexion.  The  applica- 
tion of  a  current  of  eighteen  elements,  with  the  positive  pole, 
upon  the  fossa  subclavicularis  sinistra,  and  with  the  negative 
pole  on  the  right  from  the  second  to  the  third  cervical  ver- 
tebra, caused  a  feeling  of  warmth  in  the  right  arm.  At 
the  second  application  there  ensued  strong  spasms  of  the 
biceps,  rendering  the  elbow-joint  free  :  in  the  third  applica- 
tion, the  deltoid  also  moved  spasmodically.  Under  this 
treatment  the  patient  improved  gradually,  and  was  dis- 
charged perfectly  cured,  January  20,  1866. 

During  this  treatment,  the  right  arm  was  twice  treated 
by  the  peripheral  method  by  way  of  experiment ;  he  became 
worse  each  time  the  following  day.  The  internal  admin- 
istration of  strychnine,  continued  for  six  days,  caused  no 
increase  of  diplegic  contractions  (as  mentioned  by  Remak), 
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but  was  followed,  on  the  eleventli  day,  by  spontaneous  con- 
vulsions, accompanied  by  a  return  of  the  neuralgic  pain. 


Of  all  kinds  of  paralysis,  the  nervous  and  muscular  kinds 
offer  the  most  favorable  field  for  the  employment  of  both 
the  interrupted  and  the  constant  electric  current.  The 
method  is  different  according  to  the  situation  of  the  paral- 
ysis, either  faradization  or  galvanization  of  the  nerve  or  mus- 
cle being  performed.  The  latter  may  be  made,  as  above 
(page  145)  explained,  extramuscular  or  intramuscular. 

Concerning  the  choice  between  the  interrupted  and  con- 
stant current  in  each  individual  case,  peripheral  paralysis, 
if  at  all  capable  of  ame^dment,  seems  usually  to  be  most  ac- 
cessible to  that  current  for  which  the  muscles  have  retained 
the  irritability.  This  trial,  however,  must  not  be  undertaken 
till  the  latter  part  of  the  second  week  after  the  beginning  of 
the  paralysis,  inasmuch  (as  is  shown  in  Case  on  page  244  and 
Case  33)  as  in.  nervous  paralysis  no  derangement  ensues  be- 
fore this  time  in  the  electric  action  of  the  paralyzed  muscles. 
At  that  period,  peripheral  paralysis,  in  which  the  intermit- 
tent current  produces  more  or  less  muscular  contraction,  is 
treated  with  it ;  those  cases,  however,  in  which  the  fara- 
dical  excitability  is  lost  and  the  galvanic  preserved,  with  the 
battery  current — while  in  the  majority  of  cases  where  the 
reaction  for  both  kinds  of  current  is  still  existing,  although 
in  a  less  degree,  both  induction  and  battery  current  may  be 
used  successfully.  If  the  physician,  as  is  usually  the  case,  has 
but  the  induction  apparatus,  he  must,  in  order  to  avoid  over- 
irritation,  bear  in  mind  what  has  been  said  about  it,  pages 
64  and  15Y,  that  is,  he  must  employ  currents  of  medium 
strength,  rarely  interrupted,  the  applications  being  of  short 
duration.  As  soon  as  the  electro-muscular  contractility  in- 
creases, the  strength  of  the  current  is  to  be  decreased.  If, 
however,  he  possesses  contrivances  fit  for  the  generation  of 
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both  kinds  of  currents,  he  will  combine  them  in  many  cases 
with  advantage,  either  by  improving  the  reaction  for  the 
intermittent  by  passing  through  a  constant  current  (see  page 
61),  or,  after  having,  by  means  of  galvanization,  rendered 
the  nerve  more  capable  of  conduction,  by  exciting  through 
faradization  the  paralyzed  or  asthenic  muscles  more  strongly. 
If  we  examine  more  closely  those  cases  of  paralysis  in 
which  the  reaction  after  the  induction  current  is  perfectly 
extinct,  but  that  of  the  battery  current  preserved,  we  may 
conveniently  divide  them  into  two  groups.  To  the  first  be- 
long those,  in  which  the  contractions  following  the  galvanic 
irritation  have  sunk  under  the  normal  standard  ;  and  to  the 
second  those  exceeding  the  normal  standard.  For  the  first 
group,  comprising,  according  to  all  observations  made  about 
it,  single  cases  of  traumatic  nervous  paralysis,  cases  of  rheu- 
matic facial  paralysis,  paralysis  of  the  soft  palate,  etc., 
we  may  accept  IN^eumann's  opinion  (see  page  61),  that,  as 
soon  as  the  vitality  of  a  nerve  or  muscle  has  sunk,  there 
ensues  a  stage  in  which  the  constant  current,  if  applied 
longer  than  a  moment,  produces  on  the  paralyzed  muscles 
and  nerves  the  effect  of  irritation  which  cannot  be  obtained 
through  induced  currents  of  a  momentary  duration.  Ac- 
cording to  our  experience  so  far,  the  disturbance  of  nutrition 
of  the  injured  nerves  in  peripheral  paralysis,  beginning  from 
the  slightest  and  advancing  to  the  highest  degree,*  is  recog- 
nized by  the  following  differences  in  the  reaction  :  First  de- 
gree. Motility  limited  or  suspended,  excitability  normal  for 
intermittent  and  constant  currents.  Second  degree.  Fara- 
dic  and  galvanic  contractility  diminished.  Third  degree. 
Excitability  extinct  for  the  faradic  current,  preserved  for  the 
galvanic  current  in  both  nerve  and  muscle.  Fourth  degree. 
Excitability  of  nerves  extinct  for  both  kinds  of  current,  but 
muscular  irritability  preserved  for  the  constant  current. 
Fifth  degree.  Both  nerves  and  muscles  are  entirely  deprived 
of  excitability  for  both  kinds  of  the  electric  current.  This 
^  See  Ziemssen,  I.  c,  p.  109. 
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division,  however,  does  not  comprise  all  the  existing  forms 
of  this  disease ;  thus  I  treated  a  facial  paralysis  of  a  little  boy 
where  neither  galvanization  nor  faradization  of  the  nerves 
or  muscles  could  produce  weak  convulsions,  which  only 
could  be  accomplished  through  reflex  action  from  the  tri- 
geminal nerve  by  rapidly  passing  a  small  conductor  along 
the  muscles.  Thus,  in  the  later  stages  of  traumatic  paral- 
ysis, the  faradic  returns  before  the  galvanic  excitability, 
or,  in  rare  cases  of  paralysis,  caused  by  lead-poisoning,  the 
galvanic  excitability  of  single  muscles  has  suifered  more 
than  the  faradic.  Finally,  paralysis,  in  consequence  of  lead- 
poisoning,  or  injury,  may  have  been  removed  long  ago, 
while  the  electric  irritability  is  still  more  or  less  reduced,  or 
even  entirely  extinct.^ 

With  regard  to  the  second  group,  however,  the  charac- 
teristic feature  of  which  consists  of  convulsions  after  gal- 
vanic irritation,  considerably  exceeding  the  normal  state,  to 
which  belong  a  great  number  of  cases  of  rheumatic  facial 
paralysis,  lead-poisoning,  and  also  single  cases  of  progressive 
muscular  atrophy,  I  must  maintain  my  opinion,''  pronounced 

^  This  variety  of  cases,  not  yet  thoroughly  investigated,  of  the  muscular  ac- 
tion following  the  use  of  the  constant  current,  the  number  of  which  is  still 
further  increased  through  the  absence  or  predominance  of  contraction  at  the 
opening  and  closing  of  the  circuit,  prevents  us  making  good  use  of  the  galvanic 
current  for  the  diagnosis  of  paralysis  as  extensively  as  with  the  faradic  current, 
for  which  reason  we  have  given  it  but  a  passing  notice  in  the  eighth  section. 

'  A.  Eulenburg,  also  convinced  by  the  observation  of  a  case  of  facial  paral- 
ysis, lately  informed  me  that  he  fully  agrees  with  my  view  in  regard  to  the  nature 
of  these  spasms.  I  cannot  but  pronounce  my  decided  doubt  about  the  manner 
in  which  both  A.  Eulenburg  (Zur  Therapie  der  rheumatischcn  Facial-Paralysis. 
Deutsches  Archiv.  fiir  klin.  Medecin.  1866.  Band  II.  Heft  I.),  and  especially 
Ziemssen  (Die  Electricitiit  in  der  Medicin.  1866.  Page  99),  have  refuted  my 
opinion  by  simply  denying,  as  not  existing,  every  thing  not  observed  by  them- 
selves in  a  comparatively  small  number  of  cases.  Thus,  Eulenburg  says  that 
in  his  cases  the  excitability  for  the  galvanic  current  did  not  decrease  as  the 
symptoms  improved  ;  what  I  maintained  to  happen  in  my  cases,  also,  that  the 
convulsions  observed  by  him  were  under  no  circumstances  spasmodic.  Ziemssen 
even  said  that  the  quality  of  the  contraction  of  both  facial  halves,  according 
to  his  observations,  was  the  reverse  of  what  I  had  pronounced  it. — Before  form- 
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in  tlie  Berliner  Med.  Geselscliaft,  at  the  occasion  of  a  lecture 
on  facial  paralysis/  namely,  tliat  such  cases  are  the  result  of 
reflex  spasms. 

In  cases  of  lead-poisoning'  and  of  progressive  muscular 
atrophy  marked  by  an  unusually  high  degree  of  reflex  ex- 
citation, the  setting  in  of  reflex  spasms  after  the  use  of 
weak  galvanic  currents  can  easily  be  explained.  It  is  dif- 
ferent with  regard  to  facial  paralysis  above  referred  to. 
Here  there  occur :  1.  Cases  in  which  neither  through  the 
intermittent  nor  through  the  constant  current  do  spasms  re- 
sult from  the  excitation  of  the  motor  points,  these  spasms 
rathel*  ensuing,  and  usually  very  intensely,  from  the  excitation 
of  the  places  of  exit  of  the  trigeminal  branches  in  the  face.^ 
2.  Cases,  in  which  both  the  employment  of  a  battery  current 
of  eight  to  ten  elements,  and  the  application  of  one  conductor 
to  the  neck  or  behind  the  neck,  the  other  being  placed  upon 
any  other  place  of  the  face,  cause  unusually  active  contrac- 
tions, while  every  single  muscle  thus  placed  in  a  state  of  con- 
vulsion is  perfectly  indifferent  to  the  direct  influence  of  a 
much  stronger  ctirrent,  in  which  also,  with  the  progressing  im- 
provement, a  constantly  increasing  number  of  elements  must 
be  added  in  order  to  obtain  the  same  result.  3.  Cases,  in 
which  a  current  of  few  elements  (six  to  eight),  when  directed 
to  the  muscles  of  the  paralyzed  side,  produces  contractions  at 
the  opening  and  closing  of  the  circuit,  while  they  do  not 
occur  on  the  sound  side  until  sixteen  or  twenty  elements  are 
added,  and  even  then  the  symptoms  are  decidedly  milder 
than  on  the  paralyzed  side  (cases  of  Baierlacher,  Schultz, 
^Neumann,  etc.,  etc.).  It  can  hardly  be  doubted  that  the 
cases  mentioned  under  1.  and  2.  are  reflex  spasms,  the  oc- 

ing  a  definite  opinion,  the  greatest  care  ought  to  be  exercised  in  the  treatment 
of  such  subtle  questions. 

1  See  Deutsche  Klinik.     1864.    No.  2. 

2  See  A.  Eulenburg,  Beitrage  zur  Galvano-pathologie  und  Therapie  der 
Liihmungen,     Berl.  klin.  Wochenschrift.     1868.     No.  2. 

3  See  Kunge,  Facialis-Lahmung  und  Constanter  Strom.  Deutsche  Klinik. 
1S6V.     Page  99. 
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currence  of  which,  in  the  skin  of  the  face,  is  especially  facili- 
tated by  its  large  supply  of  sensitive  nerves,  and  the  fre- 
quent anastomoses  between  the  trigeminal  and  facial  nerves, 
although  we  are  at  a  loss  to  find  the  centre  causing  the  re- 
flex action.  The  cases,  however,  mentioned  under  3.  may, 
perhaps,  be  explained  in  a  different  manner. 

After  these  general  remarks,  we  shall  treat  of  some  es- 
pecially remarkable  forms  of  peripheral  paralysis. 

The  treatment  of  peripheral  facial  paralysis  frequently 
offers,  even  to  the  most  skilful  specialist,  the  greatest  difficul- 
ties, in  case  the  perfect  integrity  of  the  function  of  the  mus- 
cles, and  of  the  expression  of  countenance,  is  desired  to  be 
obtained.  The  causes  for  this  opinion,  hardly  to  be  opposed 
at  the  present  time,  are  the  following :  1.  ISTowadays  the 
antiphlogistic  treatment,  even  in  cases  where  the  paralytic 
condition  is  preceded  by  symptoms  of  irritation,  periostitic 
pain,  etc.,  is  frequently  neglected,  thus  preventing  the  reso- 
lution of  the  exudation.  2.  This  exudation  into  the  aque- 
ductus  Fallopii  is,  in  nearly  every  case,  the  cause  of  periph- 
eral facial  paralysis,  producing,  more  or  less,  by  pressure,  a 
destruction  of  the  nerve-fibres,  if  it  be  not  of  a  serous  but  of 
a  more  plastic  nature.  3.  Most  of  the  facial  muscles  have 
but  one  firm  point  of  attachment  to  the  bone,  while  the 
other  point  lies  in  the  skin,  causing  contractions,  or  at  least 
deformities  in  the  expression  of  countenance,  unless  perfect 
contractility  is  restored.  Consequently  contractions  exist 
not  only  in  facial  paralysis,  treated  by  the  intermittent,  but 
also  in  cases  treated  by  the  constant  current,  and  even  in 
those  undergoing  no  treatment  whatever,  although  it  cannot 
be  denied  that  the  improper  use  of  the  induction  current  may 
facilitate  their  formation,  especially  if  the  healthy  muscles  are 
irritated  with  too  long  applications  of  rapidly-repeated  cur- 
rents. The  formation  of  such  contractions  may  be  recognized 
by  the  following  premonitory  symptoms :  1.  By  an  unusually 
rapid  return  of  tonicity  in  a  muscle,  shortly  before  paralyzed. 
2.  By  spasm  affecting  the  muscles  spontaneously  or  after 
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meclianical  irritation,  such  as  rubbing,  kneading.  These 
symptoms  ensuing,  the  current  is  to  be  reduced  or  entirely 
suspended  for  some  time,  and  the  treatment  directed  merely 
to  the  diseased  nerve.  If  the  contraction  is  already  plainly 
in  existence,  a  stable  battery  current  of  ten  to  twenty  ele- 
ments is  passed  through  it,  or  single  powerful  induction 
shocks  are  employed  for  the  purpose  of  releasing  it.  These 
methods  are  best  combined  with  the  use  of  mechanical 
means  to  stretch  the  contracted  muscles,  as  recommended  by 
Erdmann,  or  the  introduction  of  a  wooden  ball  between  the 
cheek  and  maxillary  bone.  Spasms  sometimes  occur  in  such 
cases,  symptoms,  as  it  were,  of  a  reviving  vitality  of  the  mus- 
cles. These  spasms  allow  a  favorable  prognosis,  as  then  a 
cure  is  usually  more  quickly  accomplished  by  treating  nerves 
and  muscles  with  the  constant  current.  4.  The  symptoms 
accompanying  paralysis,  and  still  more,  the  spasmodic  phe- 
nomena following  the  use  of  the  different  currents  and 
methods  of  application,  require  the  most  careful  attention 
during  the  treatment.  In  this  regard,  the  following  thera- 
peutic principles  are  to  be  kept  in  view : 

1.  If  the  reaction  to  the  intermittent  current  is  more  or 
less  well  preserved  at  the  end  of  the  second  week  after  the 
beginning  of  the  paralysis,  a  primary  moderately  strong  in- 
termittent current  is  to  be  directed  upon  the  single  muscles, 
a  course  which  must  be  especially  recommended,  if  all  the 
muscles  have  not  suffered  equally  in  their  electro-muscular 
contractility.  The  facial  nerve,  however,  may  be  irritated 
either  directly  by  means  of  a  thin  electrode  placed  behind 
the  ear,  by  the  mastoid  process  and  the  articulation  of  the 
lower  maxillary,  or  indirectly,  as  recommended  especially  by 
M.  Rosenthal,  through  reflex  action  from  the  trigeminal 
nerve,  by  applying  the  copper-pole  to  the  mucous  membrane 
of  the  cheek  and  drawing  the  zinc-pole  over  the  paralyzed 
muscles  or  the  respective  nerve-branches.  2.  In  those  cases, 
also,  where  the  electro-muscular  contractility  is  reduced  to  a 
minimum,  a  good  ^-esult  may  usually  be  obtained  through 
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the  induced  current,  although  only  after  a  longer  course  of 
treatment,  if  care  is  taken  to  diminish  the  strength  of  th  e 
current  in  proportion  to  the  gradually-increasing  electro- 
muscular  contractility.  However,  the  constant  current  is 
generally  preferable  in  these  cases,  if  both  kinds  of  currents 
are  at  the  disposition  of  the  practitioner.  3.  But,  in  those 
cases  in  which  the  intermittent  current  produces  no  spasms 
whatever,  while  they  are  caused  by  the  battery  current,  di- 
rected either  to  the  nerve  or  to  the  muscle,  the  constant  cur- 
rent is  indicated.  This,  however,  must  usually  be  applied 
to  the  facial  nerve  itself,  as  correctly  mentioned  by  Baeren- 
wdnkel,^  especially  in  those  forms  of  facial  paralysis  known, 
on  one  hand,  by  the  want  of  any  reaction  after  direct  mus- 
cular irritation ;  and,  on  the  other  hand,  by  the  setting  in 
of  extensive  reflex  spasms,  after  applying  one  conductor 
to  the  neck,  etc.,  and  the  other  to  any  other  part  of  the 
paralyzed  side.  After  this  the  spastic  muscle  may  be  at- 
tacked by  stable  currents,  if  direct  irritation  is  followed 
by  undoubted  contractions.  Here  the  intermittent  current 
can  only  be  usefully  employed  at  a  much  later  period, 
after  voluntary  motion  has  been  recovered,  the  muscles, 
however,  still  being  relaxed  and  deprived  of  their  tone. 
Cases  of  this  kind  generally  allow  but  an  unfavorable 
prognosis,  for,  although  frequently  recovering  without  leav- 
ing deformity,  a  long  course  of  treatment  may  always  be 
expected.  4.  Finally,  cases  of  facial  paralysis  occur,  fol- 
lowed by  contractions  or  clonic  spasms,  and  usually  not  on 
the  paralyzed,  but  on  the  opposite  healthy  side,  contrac- 
tions, the  origin  of  which  can  hardly  be  explained  except  by 
supposing  that  the  irritation  of  a  motor  fibre  is,  under 
certain  circumstances,  by  an  increased  irritability,  conducted 
to  the  centrum,  and  thence  transmitted  to  homologous 
parts  of  the  other  side  (Remak).  In  this  type  of  paralysis, 
in  neuritis  (see  Case  on  page  328,  and  Case  61),  the  constant 

'  Zur  Casuistrik  der  doppelseitigen  Facial-Lahmungen,  etc.    Archiv  fiir  Heil- 
kunde  viii.,  Jahrgang,  18 67,  page  11,  et  seq. 
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current  is  to  be  directed  to  tlie  inflamed  nerve.  This  para- 
lytic condition  is  ordinarily  recognized  by  an  unusual  incli- 
nanation  to  form  permanent  contractions,  so  much  so,  that 
shortening  of  single  paralyzed  muscles  takes  place  soon  after 
the  beginning  of  the  paralysis,  where  the  paralytic  condition 
is  probably  caused  by  a  neuritis  facialis. 

We  have,  under  ]N^os.  29  and  30,  reported  two  cases  in 
which  the  paralytic  state,  induced  probably  by  a  serous  exu- 
dation, and  possessed  of  a  more  or  less  normal  electro-mus- 
cular contractility,  was  rapidly  cured  through  the  use  of  the 
intermittent  current.  "We  now  furnish  a  series  of  more  dif- 
ficult cases. 

Case  89. — Carl  A.,  merchant,  thirty-five  years  of  age, 
always  healthy,  contracted,  on  May  24,  1860,  a  severe  cold, 
by  standing  in  a  doorway,  in  a  heated  state,  with  his  coat 
off.  On  the  next  afternoon  he  noticed  that  he  was  unable 
to  whistle.  He  paid,  however,  no  attention  to  it,  and  went 
into  the  country,  but  awoke,  on  the  26th,  with  a  complete 
facial  paralysis  of  the  left  side.  After  having  used  can- 
tharides,  ointment  of  veratrine,  lye,  and  Russian  baths,  for 
three  weeks,  he  came  to  my  office  on  June  15th.  In  the 
local  symptoms  of  the  paralysis,  as  yet  no  favorable  change 
had  taken  place,  there  was  no  trace  of  voluntary  motion  in 
the  affected  muscles,  the  electro-muscular  contractility  being 
almost  entirely  extinct.  Patient  complained  of  a  continual 
buzzing  in  his  left  ear.  During  thirty  applications,  made 
till  August  15th,  when  I  suspended  the  treatment  on  ac- 
count of  a  journey,  his  condition  had  improved  so  far  that 
he  was  able  to  perform  the  function  of  eating  and  drink- 
ing, he  could  also  corrugate  the  left  side  of  the  forehead, 
and  draw  the  angle  of  the  mouth  upward  and  outward. 
The  left  wing  of  the  nose,  however,  was  still  lower  than 
the  right, '  the  sulcus  naso-labialis  filled  out,  the  eye  could 
not  be  closed  except  with  the  aid  of  the  zygomaticus  major 
muscle,  neither  could  the  patient  whistle,  in  consequence 
of  the  atrophied  condition  of  the  muscular  fibres  of  the 
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left  part  of  the  orbicularis  oris.  When  I  saw  the  patient 
again,  after  my  return  on  the  6th  of  October,  his  condition 
was  generally  improved,  all  the  muscles  were  more  de- 
veloped, he  was  able  to  purse  the  mouth  and  to  whistle, 
while  the  buzzing  in  the  ear  had  also  disappeared.  But  now 
the  left  nasal  wing  was  higher  than  the  right  one,  the  sulcus 
naso-labialis  was  more  distinct  on  the  left  than  on  the  right 
side,  a  feeling  of  tension  followed  the  motions  of  the  left  side, 
which  extended  from  the  upper-lip  to  the  eye,  caused,  like 
the  symptoms  just  mentioned,  by  a  contraction  of  the  left 
levator  angularis  which  could  be  felt  from  the  inner  surface 
of  the  mouth,  like  a  tendinous  cord.  Through  this  muscle  a 
constant  current  was  directed,  the  use  of  which  diminished 
the  contraction  considerably,  so  that  after  the  tenth  applica- 
tion, October  29th,  there  existed  but  slight  traces  of  it. 

Baierlacher,  whose  merit  it  is  to  have  first  directed  atten- 
tion to  the  different  action  of  the  intermittent  and  constant 
currents  in  facial  paralysis,  reports  ^  the  following  case : 

M.  B.,  a  factory-girl,  came  under  his  treatment,  suffering 
from  a  lateral  facial  paralysis  of  eight  weeks'  standing.  In- 
duced currents  of  great  strength  caused  but  a  very  slight 
reaction.  The  application  of  the  induced  current  for  three 
weeks  improved  neither  electro-muscular  contractility  nor 
the  power  of  voluntary  motion.  Then  Baierlacher  tried  the 
constant  current  of  fifteen  elements  of  Bunsen,  by  placing 
one  electrode  on  the  trunk  of  the  facial  nerve,  and  the  other 
on  the  muscles  of  the  cheek.  Immediately  after  the  first 
closing  of  the  circuit,  a  strong  spasm  took  place  in  all  the 
muscles  supplied  by  this  nerve.  After  the  third  time  a  re- 
markable improvement  was  noticed,  and  after  four  addition- 
al applications  the  patient  left,  satisfied  with  the  result. 
Baierlacher  saw  her  again  after  half  a  year,  and  did  not  find 
the  slightest  deformity. 

Case  90. — Miss  Mary  S.,  aged  twenty-two  years,  was 

^  See  Beitrage  zur  therapeutischen  Verwerthung  des  galvanischen  Stromes. 
Baierisches  aerztliches  Intelligenzblatt,  1859,  No.  4. 
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attacked  by  a  violent  pain  in  the  ears  on  August  27,  1863, 
after  having  spent  the  entire  previous  evening  in  the  garden, 
exposed  to  a  cold  gust  of  wind.  This  was  followed  the  next 
day  by  paralysis  of  the  right  side  of  the  face,  with  gastric 
derangement,  which  latter  kept  her  in  bed  for  a  week. 
After  this  the  earache  was  replaced  by  a  dull  headache ; 
besides,  the  patient  was  so  much  reduced,  that  her  attending 
physician.  Dr.  Boehr,  did  not  permit  her  to  come  to  my 
office  till  October  6th.  The  paralysis  had  then  become 
complete.  The  induced  current  localized  on  the  muscles 
and  facial  branches  of  the  right  side  of  the  face  produced  no 
trace  of  spasmodic  contraction,  although  she  experienced  a 
strong  pain  during  the  irritation ;  a  constant  current  of  ten 
elements,  however,  localized  in  the  same  manner,  produced 
strong  contractions  at  the  closing  and  weak  ones  at  the 
opening  of  the  circuit,  such  as  hardly  occurred  on  the  sound 
side  after  the  application  of  twenty  elements.  In  conse- 
quence of  these  results,  the  battery  current  was  employed. 
October  30th  (twelfth  application):  The  lower  eyelid  and 
the  wing  of  the  nose  are  again  a  little  raised ;  the  patient 
draws  the  mouth  less  on  the  left  while  laughing.  I^ow 
only  a  current  of  sixteen  elements  is  necessary  to  produce  a 
strong  spasm ;  the  muscles  also  begin  to  react  mildly  to  the 
intermittent  current.  !N^ovember  30th  (twenty-ninth  appli- 
cation) :  The  naso-labial  groove  is  more  distinct,  the  mouth 
less  distorted ;  the  eye  can  be  nearly  closed,  and  the  fore- 
head corrugated.  The  galvanic  excitability  has  still  more 
decreased,  while  the  faradic  irritability  has  improved  con- 
siderably, and  on  that  account  the  induced  current  is  here- 
after used.  Under  this  treatment  the  improvement  advanced 
till  the  end  of  December  (fortieth  application),  so  that  noth- 
ing remained  but  a  slight  distortion  of  the  mouth  during 
laughing,  and  a  stiffness  of  the  lower-lip,  caused  by  a  slight 
rigidity  of  the  triangularis  menti,  which  disappeared  during 
the  months  of  January  and  February,  1864,  after  the  current 
had  been  applied  to  this  muscle  six  times  more. 
27    • 
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Case  91. — Mrs.  T.,  a  phlegmatic,  anaemic  person,  mar- 
ried for  two  years,  but  having  no  children,  was  affected  with 
paralysis  of  the  right  side  of  the  face,  on  May  30, 1867,  after 
having  suffered  from  neuralgic  pain  in  the  right  side  of  the 
head  for  several  days,  while  the  sense  of  taste  and  sensibility 
of  the  right  half  of  the  tongue  were  also  deranged.  Patient 
came  to  my  office  on  June  10th.  The  examination  gave  the 
following  result :  E'o  muscular  reaction  after  the  application 
of  powerful  intermittent  current ;  no  reaction  after  a  constant 
current  was  passed  directly  through  the  muscles,  yet  a  very 
distinct  action  of  the  facial  muscles,  surpassing  that  of  the 
sound  side  in  strength,  extent,  and  precision,  followed  the 
use  of  8-10  elements,  one  conductor  being  placed  on  the 
neck,  the  other  on  any  part  of  the  right  side  of  the  face. 
These  symptoms  indicated  a  long  course  of  treatment,  which 
view  was  fully  confirmed.  After  the  twelfth  application 
(July  2d),  made,  as  usual,  by  placing  one  conductor  on  the 
place  of  exit  of  the  facial  nerve,  the  other  on  the  pes  an- 
serinus,  taste  returned,  and  the  disturbance  of  sensation 
disappeared  in  the  right  half  of  the  tongue;  yet  the  first 
contraction,  on  directly  acting  on  the  paralyzed  muscles, 
did  not  happen  until  after  the  twentieth  application  (July 
22d),  when  it  was  observed  in  the  levator  labii  superioris 
and  triangularis  menti,  while  no  reaction  followed  the  ex- 
amination by  means  of  the  intermittent  current.  "When 
I  interrupted,  August  23d  (forty-third  application),  the 
treatment  on  account  of  a  journey,  the  forehead  could  be 
slightly  corrugated,  the  zygomatic  muscle  acted  somewhat, 
and  the  eye  could  be  totally  closed  to  within  one  line.  I 
saw  the  patient  again  on  October  10th.  Concerning  the 
movability  of  the  muscles,  her  condition  had  rather  im- 
proved, but  there  existed  now  rigidity  in  the  levator  labii 
sup.  alseque  nasi,  in  the  zygomaticus  and  triangularis,  which 
w^s  but  little  noticed  when  the  patient  kept  quiet,  as  was 
usually  the  case  with  her,  but  appeared  the  more  striking' 
in  laughing,  opening  the  mouth,  etc.     This  necessitated  a 
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modification  of  the  metliod  heretofore  employed,  it  being 
now  necessary,  besides  galvanizing  the  facial  nerve,  to  gal- 
vanize especially  the  contracted  muscle.  At  the  end  of  De- 
cember (sixty-seventh  application),  the  movability  of  all  the 
muscles  was  perfect,  but  the  rigidity  was  plainly  perceptible 
to  both  the  eye  and  the  touch.  March  3,  1868  (eighty-fifth 
application) :  the  rigidity  is  hardly  noticeable,  yet  the  ex- 
pression of  the  countenance  appears  somewhat  unnatural 
while  the  patient  laughs,  shows  her  teeth,  etc. ;  while  blow- 
ing, the  right  cheek  is  less  puifed  out  than  the  left.  The 
reaction  to  the  direct  influence  of  the  constant  and  inter- 
rupted currents  is  still  a  little  reduced  on  the  right  side.  The 
contractions  appear  to  be  stronger  on  the  left  than  on  the 
right  side,  if  the  positive  conductor  is  placed  on  the  neck 
and  the  negative  on  either  cheek. 

Case  92. — Mrs.  Y.  R.,  aged  forty-six  years,  had  first  suf- 
fered from  rheumatic  pain  in  the  left  shoulder.  After  about 
eight  days  she  lost  the  sense  of  taste  in  the  right  half  of  the 
tongue,  which  felt  as  if  it  were  scalded.  A  few  days  after- 
ward (April  22,  1864),  she  noticed — perhaps  in  consequence 
of  a  new  cold  to  which  she  was  exposed — on  the  20th,  about 
noon,  a  constant  trembling  of  the  upper-lip;  on  the  same 
evening,  a  certain  difficulty  of  motion  of  the  mouth;  and 
on  the  following  morning,  a  paralysis  of  the  right  side  of 
the  face.  Her  physician.  Dr.  Klaatsch,  after  having  em- 
ployed leeches  and  other  derivants,  placed  her  under  my 
charge  on  May  14th.  The  paralysis  was  still  nearly  com- 
plete, pressure  behind  the  angle  of  the  lower  jaw  painful, 
the  alienation  of  taste  still  existing,  also  a  buzzing  noise  in 
the  right  ear,  and  spasm  of  the  left  side  of  the  upper-lip  to 
the  inner  angle  of  the  eye ;  reaction  to  the  intermittent  cur- 
rent somewhat  reduced.  In  this  case,  where  the  paralysis 
was  probably  caused  by  a  neuritis,  and  where,  in  addition, 
the  existing  spasms  of  the  left  side  demanded  an  especial 
care  in  the  choice  of  the  means  of  excitation,  a  weak  con- 
stant current  was  used  by  placing  the  +  conductor  behind 
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the  angle  of  the  lower-jaw,  and  applying  the  —  conductor 
for  a  short  time  upon  the  several  muscles.  After  live  appli- 
cations (May  18th),  a  decided  improvement  was  visible  in 
closing  the  eye,  in  the  position  and  motion  of  the  eye,  and 
in  the  decrease  of  the  spasmodic  convulsions,  when  a  slight 
indisposition  of  the  patient  made  necessary  a  short  interrup- 
tion of  the  treatment.  When  the  treatment  was  resumed, 
on  May  23d,  the  spasms  could  no  more  be  noticed ;  the  taste 
was  nearly  normal ;  there  appeared,  however,  now  distinct 
traces  of  rigidity  in  the  right  levator  labii  sup.  aleeque  nasi, 
and  in  the  triangularis  menti.  After  ten  more  applications, 
these,  together  with  the  other  symptoms  of  paralysis,  were 
reduced  to  such  an  extent  that  we  allowed  the  patient  to 
return  to  her  country-seat  on  May  5th,  expecting  that  they 
would  soon  disappear  without  any  further  treatment.  After 
four  weeks,  every  morbid  symptom  had  vanished  except  the 
buzzing  in  the  ear. 


"With  regard  to  the  treatment  of  the  so-called  rheumatic 
paralysis  of  the  muscles  of  the  eye,  I  refer  to  page  151  for 
the  method.  In  Case  76  I  have  already  reported  a  success- 
ful treatment  of  paresis  of  the  upper  oblique  muscle  through 
the  induced  current.  I  shall  now  communicate  a  case  of 
paresis  of  the  abducens,  cured  through  the  constant  current. 

Case  93. — Our  honored  colleague.  Professor  Traube,  aged 
fifty  years,  after  having  been  exposed  to  various  changes  of 
temperature,  and  after  suffering  from  rheumatic  pain  in  the 
right  side  of  the  head,  noticed  diplopia  first  on  October  3, 
1867.  The  examination  showed  the  existence  of  a  paresis 
of  the  right  abducens,  with  a  defect  in  the  movability  of 
about  one  line  in  comparison  with  the  left  eye.  A  rapid 
increase  of  the  paralysis  as  well  as  of  the  convergent  stra- 
bismus followed,  so  that  the  defect  of  motion  amounted 
to  three  lines  on  the  8th  of  October.     Toward  the  middle 
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of  October  the  affection  had  attained  its  height.  There 
was  a  strong  convergent  strabismus  of  the  right  eye ;  the 
line  of  vision  could  hardly  be  turned  over  the  middle  of 
the  palpebral  fissure  to  the  right ;  in  order  to  correct  the 
diplopia  in  the  median  line,  and  at  an  objective  distance  of 
15^5  prisms  of  nearly  40°  were  necessary.  The  treatment 
consisted  of  depletion  by  means  of  Heurtloup's  blood-suck- 
ers, a  diaphoresis,  and  mild  aperients.  From  IN^ovember  8th, 
up  to  which  time  his  condition  had  not  changed  materially, 
the  iod.  of  pot.  and  the  constant  current  were  employed. 
The  patient  being  in  a  state  of  great  nervous  irritability, 
the  latter  was  used  in  such  a  manner  as  to  pass  a  current, 
generated  from  but  six  to  eight  elements,  from  the  outer 
angle  of  the  eye  toward  the  temporal  region,  for  about  three 
minutes.  It  was  several  times  ascertained  that  immediately 
after  the  application  of  the  current  a  decrease  of  the  conver- 
gence ensued ;  so  that  if,  for  instance,  the  region  of  the 
binocular  simple  vision  in  the  median  line  extended  to  V 
from  the  root  of  the  nose  before  the  application,  immediately 
afterward  a  prolongation  of  this  line  to  8''  and  farther  could 
be  proved.  In  the  beginning  a  gradually,  and  from  the  first 
days  of  December  a  rapidly-increasing  improvement  ensued, 
so  that  we  were  able  to  terminate  the  treatment  on  Decem- 
ber 11th  (twenty -seventh  application),  every  trace  of  pa- 
ralysis having  disappeared  at  the  end  of  December. 

Schulz,*  having  a  case  of  paralysis  of  the  branches  of  the 
motor  oculi,  supplying  the  levat.  palp.  sup.  and  rectus  in- 
ferior, kept  for  two  minutes  the  positive  conductor  of  a 
constant  current  of  eight  elements  of  Daniell  on  the 
upper  eyelid,  placing  the  negative  on  the  hard  palate. 
Although  the  pain  was  very  violent,  the  patient  was  able  to 
move  the  upper  eyelid  better  after  the  first  application.  On 
the  next  morning  the  diplopia  of  five  months'  standing  had 
disappeared,  the  ptosis  alone  still  continuing.     Schulz  be- 

^  Ueber  Anwendung  der  Electricitat  bei  Paralyse  der  Augenmuskeln.  Wiener 
Med.  Woehenschrift,  1862,  No.  16. 
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lieves  that  the  galvanic  current   acted   in  this  case  cata- 
lytically  upon  an  exudation  situated  about  the  nerves. 


I  have  communicated,  on  page  262,  one  of  the  most 
interesting  cases  of  traumatic  paralysis,  cured  by  Duchenne 
through  faradization.  I  am  now  so  fortunate  as  to  be  able 
to  report  a  similar,  perhaps  not  less  striking  case,  which  I 
cured  in  a  comparatively  short  time  by  means  of  galvaniza- 
tion. 

Case  94:. — Carl  Pretzer,  seaman,  aged  twenty  years,  fell, 
September  15,  1866,  off  the  mast,  fifteen  feet  high,  upon  the 
deck,  receiving  a  dislocation  of  the  right  arm  interiorly. 
!N"o  attempt  at  reduction  could  be  made  until  the  ship 
arrived  at  Helsingor,  September  20th,  when  reduction  was 
tried  for  three  days  in  succession,  but  without  result,  in 
spite  of  the  ifee  of  the  pulley  and  of  chloroform.  The  arm 
rested  on  the  thorax,  the  forearm  was  supined,  the  hand  ex- 
tended. Finally,  on  the  27th,  twelve  days  after  the  accident, 
the  dislocation  was  reduced  in  Copenhagen.  But  the  arm 
appeared  to  be  completely  paralyzed,  violent  pain  extended 
along  the  supra-  and  infra-spinatus  nerves,  thence  following 
the  course  of  the  median  nerve  into  the  fingers,  especially 
the  thumb.  Soon  the  muscles  became  greatly  emaciated, 
those  of  the  shoulder  becoming  atrophied  at  the  beginning 
of  October,  followed  soon  by  atrophy  of  the  muscles  of  the 
arms  and  hands.  The  patient  came  for  the  first  time  to  my 
office  on  October  24:th,  when  the  following  condition  was 
found  in  the  completely-paralyzed  extremity :  perfect  atro- 
phy of  the  supra-  and  infra-spinatus  muscles,  relaxation  of 
the  deltoideus,  showing  an  intervening  space  of  4  to  5''',  be- 
tween the  humerus  and  the  acromion,  an  equal  atrophy  of 
the  muscles  of  the  arm  and  hand,  contraction  of  the  biceps 
and  pectoralis  minor,  inclining  the  forearm  to  the  upper- 
arm  at  an  angle  of  75°,  while  it  rested  firmly  on  the  thorax, 
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whence  it  could  be  removed  only  with  very  great  pain,  sen- 
sibility reduced  equally  everywhere  without  being  entirely 
suspended ;  pain  was  continual,  especially  in  the  daytime, 
even  if  the  arm  was  canied  in  a  sling.  The  intermittent 
current  produced  great  pain,  but  only  weak  contractions ; 
the  constant  current,  however,  caused  the  patient  less  pain, 
and  produced,  by  using  thirty  to  forty  elements,  distinct 
muscular  contractions.  After  fourteen  days,  the  rigidity  of 
the  biceps  was  greatly  diminished,  the  upper-arm  could  be 
removed  more  than  6^''  from  the  thorax,  and  passive  motion 
and  extension  of  the  forearm  were  less  painful ;  the  nutrition 
of  the  muscles  of  the  shoulder  had  improved,  noticed  espe- 
cially by  the  lesser  protrusions  of  the  acromion  and  spina 
scapulae  ;  spontaneous  pain  was  less  frequent,  and  then  only 
temporary.  On  IN^ovember  2Tth,  the  patient  was  able  to 
raise  the  arm  almost  to  a  right  angle,  to  make  slight  supina- 
tion, to  stretch  the  fingers  somewhat,  the  sensibility  of  the 
arm  also  having  perfectly  returned.  December  15th :  pa- 
tient was  able  to  raise  the  upper-arm  to  an  angle  of  120°, 
and  extend  the  forearm,  pronation  and  supination  were  free, 
the  fingers  could  be  extended,  adducted,  and  abducted.  The 
muscular  tissue  of  the  whole  arm  had  increased,  the  reaction 
to  the  intermittent  current  was  better,  yet  its  influence  was 
so  painful  that  we  continued  using  the  battery  current. 
December  29th :  the  upper-arm  was  raised  to  an  angle  of 
150°,  and  kept  for  some  time  in  this  position,  every  motion 
of  the  fingers  was  made  without  difficulty,  but  the  power 
of  closing  them  was  still  absent.  In  the  month  of  January, 
the  strength  of  the  hand  increased  under  the  use  of  labile 
descending  currents,  enabling  the  patient  to  hold  larger  sub- 
stances, to  write,  and  to  shake  hands ;  the  reaction  to  the 
intermittent  current  improved  gradually,  although  its  use 
was  still  very  painful  and  unpleasant  for  the  patient ;  the 
nutrition  of  the  muscles  increased  visibly,  allowing  us  to  send 
the  patient  to  his  home  on  January  31st,  after  having  ap- 
plied the  constant  current  eighty-nine  times,  believing  that 
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lie  soon  would  enjoy  the  full  use  of  his  arm  again.  Privy- 
Councillor  Wilner  repeatedly  convinced  himself  of  the  rapid 
and  surprisingly  successful  result  of  the  treatment. 

After  the  Danish  and  Prusso- Austrian  wars  in  1864  and 
1866,  a  number  of  officers,  suffering  from  paralysis  of  the 
ulnar,  tibial,  peroneal,  crural,  and  other  nerves,  in  conse- 
quence of  gunshot  wounds,  were  placed  under  my  care  by 
Surgeon-General  von  Langenbeck.  These  cases  frequently 
gave  me  occasion  to  prove  the  extraordinary  power  of  elec- 
tricity (in  the  shape  of  the  intermittent  and  constant  cur- 
rents) for  the  restitution  of  the  power  of  motion  and  sensation, 
as  well  as  for  the  frequently  rapid  increase  of  the  nutrition 
of  paralyzed  muscles.  I  cannot  omit  at  least  to  mention  a 
case  of  total  paralysis  of  the  left  arm  with  complete  atrophy 
of  all  the  muscles  of  the  shoulder,  arm,  and  hand,  caused 
by  a  gunshot  wound  through  the  upper  lobe  of  the  lung, 
tearing  entirely  the  brachial  plexus.  A  treatment  of  four- 
teen months,  although  not  rendering  the  arm  perfectly  fit 
for  use,  yet  improved  the  patient  sufficiently  to  make  him 
fit  for  military  service,  allowing  him  to  serve  in  the  war  of 
1866.  He  was  able  to  use  the  left  arm  without  difficulty 
while  riding  on  horseback. 


Cases  of  paralysis  following  acute  diseases  (scarlatina, 
measles,  typhus,  dysentery,  etc.)  show  the  most  contrary 
symptoms  with  regard  to  the  electric  influence,  the  electric 
irritability  remaining  frequently  intact  after  they  had  ex- 
isted for  years,  while  it  was  reduced  or  entirely  suspended 
in  other  more  recent  cases.  The  reason  for  this  difference 
may  be  found  in  the  circumstance  that,  in  spite  of  the  coin- 
cidence of  the  paralytic  cases  with  regard  to  pathogenesis, 
yet  the  localization  of  the  paralyzing  process  may  be  differ- 
ent :  for  instance,  a  cerebral  one  in  one  case,  and  a  myo- 
pathic in  another.  In  accordance,  the  treatment  must  natu- 
rally be  different — in  the  first  case  we  might  perhaps  expect 
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a  good  result  by  galvanizing  the  cervical  sympathetic  nerve ; 
while  in  the  latter,  a  treatment  applied  directly  to  the  affected 
muscles  may  prevent  their  gradual  degeneration  and  restore 
their  functional  power.  A  similar  state  exists  with  regard 
to  paralysis  caused  by  syphilis  or  toxicological  influence 
(lead-poisoning),  as  here,  especially  in  cases  of  intact  electric 
action,  the  central  portions  of  the  nervous  system  form  the 
local  starting-point  of  the  paralysis,  while  in  those  cases  of 
reduced  or  suspended  electro-muscular  contractility,  nerves 
and  muscles  are  affected  directly.  The  peripheral  syphilitic 
paralysis  offers  a  fruitless  field  for  the  electric  process ;  at 
least  I  have  not  met  with  any  material  success  in  any  cases 
treated  by  electricity. 

Case  95. — Hugo  Forster,  aged  sixteen  years,  suffering 
from  fits  of  convulsive  laughter  since  his  fifth  year,  was  taken 
sick  with  typhus  in  September,  1857,  being  under  medical 
treatment  for  ten  weeks  in  Bethanien.  During  convales- 
cence, which  lasted  for  months,  the  patient  noticed  a  remark- 
able weakness  of  the  whole  right  side  of  the  body,  from  the 
face  down  to  the  feet.  The  right  side  was  colder  and  less 
sensitive ;  pain  ensued  in  the  right  shoulder  and  upper-arm, 
especially  on  a  change  of  temperature ;  the  right  arm  was 
considerably  emaciated,  and. could  only  with  difiiculty  be 
raised  at  the  shoulder-joint ;  neither  was  the  patient  able  to 
hold  small  substances,  nor  to  write. 

When  he  visited  me  for  the  first  time,  July  31,  1858, 
he  was  of  a  very  anaemic  appearance ;  his  pulse  was  weak, 
and  the  right  hand  trembled  when  extended.*  The  del- 
toideus  was  especially  emaciated  in  its  posterior  portion; 
the  right  arm  and  hand  were  also  greatly  atrophied.  The 
external  and  internal  interosseous  muscles,  as  well  as  the 
muscles  of  the  ball  of  the  thumb,  were  also  atrophied,  and 
the  hand,  especially  in  the  first  and  second  fingers,  had  as- 
sumed a  claw-like  shape  (paralysis  of  the  ulnar  nerve). 
Consequently  he  was  unable  to  straighten  the  fingers,  or  ap- 
proach them  to  each  other  completely,  or  separate  them ; 
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neither  could  he  flex  the  thumb,  nor  place  it  in  opposition 
to  the  rest  of  the  fingers.  Patient  is  able  to  get  hold  of  a 
pen,  but  not  to  keep  it,  in  consequence  of  the  bending  incli- 
nation of  the  index-finger.  The  shoulders  are  painful,  the 
arm  is  cold  and  benumbed.  The  electric  examination  gives 
the  following  results:  sensibility  is  reduced  on  the  whole 
right  side  of  the  body,  the  right  side  of  the  tongue  included ; 
the  reaction  of  all  the  muscles  of  the  same  side  is  less  ener- 
getic; the  deltoideus,  the  external  and  internal  interossei, 
the  opponens  and  flexor  brevis  poUicis,  and  the  extensor  in- 
dicis  proprius,  are  especially  inactive.  I  restricted  the  em- 
ployment of  the  electric  treatment  to  the  arm  in  the  begin- 
ning, and  faradized  the  skin  and  muscles.  After  the  twelfth 
application  (August  10,  1858),  the  arm  was  stronger,  the 
hand  warmer,  the  pain  less ;  patient  could  separate  the  fin- 
gers better,  and  write  for  a  short  time.  Twenty-second  ap- 
plication (September  29th),  improvement  progressing,  fingers 
could  be  nearly  straightened  and  approached  to  each  other, 
and  the  cutaneous  sensibility  was  better.  Patient  was  again 
able  to  resume  his  duties  as  a  clerk,  although  every  exertion 
of  the  arm,  especially  continued  writing,  tired  him.  These 
duties  also  prevented  him  from  pursuing  a  regular  course 
of  treatment,  and  I  did  not  see  him  again  till  October  20th. 
The  muscular  power  had  then  increased,  and  he  was  now 
able  to  write  all  day.-  Twenty-ninth  application  (April  3, 
1859) :  Forster  had  been  electrified  only  five  times  in  the  last 
six  months.  The  improvement  still  continued:  the  hand 
could  be  straightened,  all  the  motions  of  the  thumb  and 
little  finger  were  performed,  the  nutrition  of  the  muscles  of 
the  shoulder  and  arm  was  increased,  and  the  temperature  was 
also  better.  The  electro-cutaneous  sensibility  of  the  right 
side  of  the  body  was,  however,  still  diminished,  the  right  side 
less  warm,  the  nutrition  of  the  muscles  and  the  electro-mus- 
cular contractility  less  good  than  on  the  corresponding  por- 
tions of  the  left  side.  For  this  reason,  daily  scrubbing  with 
a  brush  was  recommended. 
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Case  96. — W.  Schultze,  thirty-five  years  of  age,  a  painter 
by  trade  for  sixteen  years,  of  short,  muscular  stature,  was 
taken  with  lead-colic  for  the  first  time  in  1842.  Till  1850, 
he  had  been  attacked  seven  times,  each  attack  lasting  eight 
to  ten  days,  and  restricted  to  an  obstinate  constipation  and 
severe  abdominal  pain.  The  last  less  violent  attack  occurred 
in  August,  1850,  after  which  he  returned  to  his  usual  occu- 
pation, when  he  noticed,  toward  the  middle  of  September,  a 
considerable  decrease  of  strength  in  the  right  arm,  being 
obliged  to  support  the  right  with  the  left  arm  after  hardly 
half  an  hour's  work.  He  continued  to  work  for  three  weeks, 
his  strength  steadily  failing,  until  the  most  violent  pain  in 
the  shoulders,  arms,  and  back,  becoming  almost  unbearable 
during  the  night,  connected  with  symptoms  of  paralysis  in 
the  right  forearm  and  hand,  prevented  him  from  doing  any 
further  labor.  From  the  9th  of  JSTovember  he  was  treated 
with  Russian  baths  and  irritating  ointments.  This  dimin- 
ished the  pain  somewhat,  but,  the  paralytic  symptoms  still 
persisting,  he  applied  to  the  Charite  Hospital,  February  1, 
1851.  After  having  been  treated  in  that  institution  for  a 
month  with  sulphur-baths,  irritating  embrocations,  and  in- 
ternal remedies,  without  any  success,  he  again  tried  the  Rus- 
sian baths — having,  in  the  meanwhile,  been  discharged  from 
the  hospital — without  experiencing  the  slightest  relief  from 
their  continued  use.  When  he  came  to  my  ofiice.  May  3, 
1851,  the  following  symptoms  existed :  motion  of  the  right 
shoulder  was  perfectly  free,  on  straightening  the  arm  a  con- 
tinued pain  ensued,  which  did  not  cease  until  the  arm  was 
lowered.  If  the  patient  attempted  to  seize  any  thing,  the 
hand  closed  spasmodically,  preventing  him  even  from  eating 
without  help.  The  arm  being  bent  at  the  elbow,  he  was 
able  to  open  the  hand  with  great  difficulty,  with  the  excep- 
tion of  the  thumb  and  middle  finger,  which  bent  inward, 
and  were  incapable  of  any  active  motion.  ^  There  existed, 
consequently,  in  this  case,  a  paralysis  of  the  extensor  mus- 
cles, especially  of  the  extensor  communis  digitorum,  the  por- 
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tion  running  to  the  middle  finger  being  more  particularly 
affected,  as  well  as  the  extensor  muscles  of  the  thumb.  The 
predominating  affection  of  these  muscles  caused  every  at- 
tempt to  take  a  pen  to  be  followed  by  a  symptomatic  writer's 
paralysis.  Pain  ensued  but  temporarily,  and  became  only 
permanent  whenever  he  leaned  on  the  affected  arm.  The 
electric  treatment  was  followed  in  this  case  with  such  a  sur- 
prisingly rapid  success,  that  after  the  third  application,  of 
about  twenty  minutes,  the  patient  was  able  to  hold  a  pen, 
and  to  write  his  name  and  address,  although  with  a  trem- 
bling hand.  After  the  fifth  application,  his  handwriting  was 
considerably  improved;  after  the  eighth,  it  was  perfectly 
steady.  This  change  in  the  handwriting  was  indeed  very 
surprising.  After  the  thirteenth  sitting,  the  patient  was 
able  to  paint  the  walls  of  a  large  hall,  working  for  nearly 
eight  hours  without  interruption.  In  the  few  following  ap- 
plications, the  induced  current  was  employed  mainly  for  the 
removal  of  the  neuralgic  pain  in  the  upper  and  lower  arm, 
and  was  followed  by  an  equally  good  result. 

A  new  attack  occurring  in  Decembei^,  1852  (see  Case  39), 
the  cure  was  much  slower. 

The  following  is  briefly  the  above-mentionied  case  of 
Eulenburg : 

IS".,  three  years  a  painter,  small  and  pale-looking,  had 
the  first  attack  of  colic  a  year  ago  ;  this  was  followed  by  a 
second,  more  violent,  in  August  of  the  current  year,  which, 
being  soon  removed,  the  well-known  symptoms  of  lead- 
palsy,  preceded  by  violent  spasms,  appeared,  according  to 
his  account,  rather  suddenly,  first  in  the  right  and  then  in 
the  left  arm.  Patient  was  faradized,  on  account  of  the  pa- 
ralysis, every  day  since  August  lYth,  without  any  therapeu- 
tic success,  however,  and  finally  without  any  reaction  of 
the  paralyzed  muscles.  Eulenburg  found,  on  examining  the 
patient,  l^ovember  20, 1867,  both  forearms  considerably  atro- 
phied, especially  on  the  dorsal  side,  and  slightly  pronated  ; 
all  the  joints  of  the  wrist  and  fingers  were  flexed,  and  an 
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active  extension  of  the  hand  and  fingers  only  to  a  very  slight 
extent  possible ;  supination  of  either  arm  impaired,  the  other 
muscles  of  "the  arm  acted  normally.  The  examination  with 
the  induction  apparatus  showed  the  faradic  contractility  of 
the  extensor  muscles  of  the  right  and  left  arm  to  be  reduced 
in  the  highest  degree,  and  absolutely  suspended  in  the  ex- 
tensor digit,  comm.  and  extensor  carpi  rad.,  even  when 
using  the  maximum  strength  of  the  current.  Galvanic 
exploration  of  the  paralyzed  muscles,  however,  showed 
the  excitability  to  be  perfectly  intact  and  far  exceeding 
the  normal  standard.  The  treatment  with  the  galvanic 
current  being  continued  (four  applications  a  week),  a  rapid 
increase  of  voluntary  motility,  a  return  of  the  faradic  con- 
tractility, and  a  still  increasing  irritability  in  the  paretic 
muscles  ensued.  This  irritability  was  manifested  in  three 
directions  :  in  the  steady  increase  of  galvanic  irritability,  in 
the  existence  of  slight  spasms  after  a  slight  mechanical  in- 
sulation (for  instance,  after  stroking  with  a  sharp-bordered 
substance,  or,  still  better,  after  a  moderate  pressure  with  the 
finger  on  the  muscles  themselves,  or  their  motor  points),  and, 
finally,  the  setting  in  of  diplegic  contractions.  I  had  occa- 
sion to  see  the  patient  in  the  middle  of  February,  when  he 
had  already  recovered  the  full  energy  in  the  use  of  the  ex- 
tensor muscles. 

Remak  ^  mentions  yet  a  third  method,  by  which  he  im- 
proved the  functional  power  of  paralyzed  arms,  especially 
in  patients  suiFering  also  from  lead-colic,  namely,  by  the  ac- 
tion of  the  constant  current  on  the  cceliac  plexus. 


The  electric  irritation  of  the  diaphragm  and  the  other 
muscles  of  inspiration  is  indicated,  in  cases  of  poisoning  by 
coal-gas,  and  in  the  apparent  death  of  new-born  children 
(see  Chapter  II.  of  this  section,  "  The  use  of  electricity  in 
Midwifery  "),  in  asphyxia  caused  by  chloroform,  in  poison- 
»  Med.  Central-Zeitung.     1862.    Page  548. 
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ing  through  gas,  carbonic  acid,  and  other  poisons  endanger- 
ing life,  and  especially  by  impairing  and  stopping  respira- 
tion. The  cases  of  this  kind,  which  were  partially  followed 
by  good  results,  have  been  well  compiled  by  Ziemssen,  who 
deserves  great  credit  for  having  perfected  Duchenne's 
method/  In  this  work,  we  find,  besides  Ziemssen's  own 
cases,  some  especially  interesting  ones  of  Friedberg  and 
Mosler.  .  Ziemssen's  method  of  operation,  of  which  I  ap- 
prove unconditionally,  is  as  follows  :  The  electrodes,  which 
here  are  best  made  of  metallic  buttons  furnished  with  a  thick 
cushion  of  fine  sponge,  are  thoroughly  moistened.  They 
are  then,  after  ascertaining  that  the  strength  of  the  current 
is  sufficient  to  produce  a  powerful  contraction  of  the  mus- 
cles of  the  ball  of  the  thumb,  placed  firmly  on  either  side 
of  the  neck,  over  the  lower  end  of  the  scalenus  anticus  mus- 
cle, on  the  outer  border  of  the  sterno-cleido-mastoideus, 
which  is  to  be  pressed  a  little  inward,  thus  enabling  the  ope- 
rator to  affect  with  the  current  not  only  the  phrenic  nerves, 
but  also,  in  consequence  of  the  large  surface  of  contact,  the 
other  inspiratory  muscles  (scalenus  anticus,  sterno-cleido- 
mastoideus),  or  their  nerves  originating  from  the  brachial 
and  cervical  plexus.  An  assistant  fixes  the  head,  shoulders, 
and  forearms.  The  duration  of  a  single  irritation  is  that  of 
a  deep,  quiet  inspiration,  that  is,  about  twenty  seconds ;  the 
expiration  is  aided  by  an  assistant  who  presses  strongly  and 
broadly  on  the  abdominal  wall  from  below  upward.  After 
a  number  of  irritations,  a  pause  is  made,  in  order  to  observe 
whether  spontaneous  respiration  begins.  If  no  inspira- 
tory motions  follow  the  faradization  after  the  first  irrita- 
tion, an  increase  of  the  strength  of  the  current  becomes  the 
more  necessary,  as  the  irritability  of  the  nerves  of  respira- 
tion sinks  very  soon  in  dangerous  cases  of  asphyxia.  If  the 
irritability  of  the  phrenic  nerves  for  the  induction,  current 
is  already  lost  or  near  it,  Semssen  advises,  if  possible,  the 
employment  of  the  constant  current  by  way  of  experiment. 

^  See  Die  Elo3tricitat  in  der  Medicin.     Dritte  auflage,  1866,  p.  174-197. 
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I  have  myself  used  the  faradization  of  the  muscles  of  in- 
spiration without  result  once,  but  very  successfully  twice. 
In  a  case  of  poisoning  by  charcoal,  I  succeeded,  after  short 
exertion,  in  reviving  the  person ;  in  a  second,  where  death 
threatened  every  moment  in  consequence  of  severe  diphtheria, 
I  also  avoided  a  fatal  termination  with  the  above-specified 
method. 

The  following  is  the  last-mentioned  case : 

Case  97. — I  was  called,  on  the  advice  of  Dr.  Riese,  to 
Mr.  L.,  aged  twenty-one  years,  who  suffered  from  a  severe 
attack  of  diphtheria  after  scarlatina.  He  had  passed  through 
it  as  far  as  the  local  symptoms  were  concerned,  but  was  in 
danger  of  dying  in  consequence  of  great  prostration.  I 
found  the  patient  half  asleep,  in  bed,  and  apathetic  to  the 
highest  degree,  his  lips  pale,  and  the  temperature  low. 
Respiration  was  superficial,  pulse  small' and  intermittent 
(the  fourth  beat  was  absent),  in  short,  death  could  be  ex- 
pected any  moment.  I  immediately  began  artificial  respira- 
tion through  faradization  of  the  phrenic  nerves  and  the  in- 
spiratory muscles  by  means  of  a  strong  current.  The  result 
was  surprising :  the  thorax  expanded  visibly,  the  lips  had 
color,  respiration  became  deeper,  the  pulse  rose,  its  inter- 
missions ceased,  and  the  temperature  of  the  skin  increased. 
After  having  faradized  twice  for  ^ve  ininutes,  with  an  in- 
termission of  five  minutes,  I  left  the  patient  after  half  an 
hour,  as  both  respiration  and  pulse  remained  in  the  same 
favorable  condition,  he  having,  in  the  mean  time,  become 
somewhat  more  lively,  and  also  swallowed  a  few  teaspoonfuls 
of  wine.  When  I  saw  him  again  at  8  p.  m.,  his  condition, 
in  regard  to  respiration,  pulse,  and  temperature,  was  per- 
fectly satisfactory.  Still  I  faradized  the  patient  once  more 
on  his  express  desire.  On  the  next  morning  he  was  out  of 
danger,  and  finally  recovered  entirely. 

Friedberg's^  case  of  asphyxia  from  chloroform  is  the 
following : 

'  See  Virchow's  Archir.     1859.    Vol.  xvi.,  page  527,  et  seq. 
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Otto  Krause,  aged  four  years,  was  put  under  the  influ- 
ence of  chloroform  for  the  operation  of  removing  an  encysted 
tumor  of  the  left  lower  eyelid,  when,  suddenly,  a  short,  rat- 
tling inspiration  ensued,  after  which,  breathing  ceased.  For 
from  two  to  three  minutes,  attempts  were  made  to  restore  him 
by  means  of  rubbing,  the  introduction  of  a  sponge  over  the 
epiglottis  into  the  larynx,  etc.,  when  the  features  appeared 
like  those  of  a  dead  person,  the  lower  jaw  falling  down.  Arti- 
ficial respiration  through  a  methodic  compression  of  the  ab- 
domen not  having  the  slightest  success,  Friedberg  faradized 
the  diaphragm  by  placing  one  of  the  electrodes  of  the  induc- 
tion apparatus  of  Du  Bois-Raymond  upon  the  phrenic  nerve, 
and  applying  the  other  to  the  lateral  wall  of  the  thorax  in 
the  seventh  intercostal  space,  pressing  it  deeply  against  the 
diaphragm.  This  faradization  was  made  alternately  on  the 
right  and  left  side,  the  circuit  remaining  closed  each  time  for 
the  duration  of  a  deep  inspiration.  After  the  current  had 
thus  been  interrupted  ten  times,  the  first  weak  but  plainly- 
perceptible  spontaneous  inspiration  happened,  which  was 
soon  followed  by  a  second  and  a  third,  the  face  also  redden- 
ing, and  the  radial  pulse  becoming  perceptible.  Soon,  how- 
ever, the  breathing  and  the  contractions  of  the  heart  again 
became  weaker,  convincing  Dr.  F.  that  he  could  not  yet 
desist  in  his  exertions.  As  every  thing  depended  on  remov- 
ing rapidly  the  chloroform-gas  accumulated  in  the  lungs, 
he  now  tried  again  the  methodic  compression  of  the  abdomen, 
and  this  time  so  successfully  that,  with  the  simultaneous  use 
of  external  stimulants,  the  child  had  sufiiciently  recovered, 
in  twenty  minutes  from  the  beginning  of  the  asphyxia,  to 
undergo  the  operation. 


In  the  use  of  the  secondary  induction  current  for  the 
cure  of  incontinentia  urinse,  three  methods  are  successfully 
employed:    1.  The  application  of  the  —  conductor  over 
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the  symphysis  pubis,  and  the  4-  conductor  to  the  sacral  bone 
or  perinseum  (see  Case  98).  2.  Introduction  of  a  sound, 
covered  with  caoutchouc,  into  the  bladder,  and  the  other 
probe-pointed  excitor  into  the  rectum,  through  which  method 
Erdmann  succeeded  in  permanently  curing  a  patient,  after 
nine  applications,  who  had  suffered  from  incontinence  for 
three  years.  3.  Introduction  of  a  similar  sound,  furnished 
with  a  brass  ring  a  quarter  of  an  inch  wide,  into  the  urethra, 
only  as  far  as  the  ring  reaches,  and  closing  the  current  by 
placing  the  +  conductor  immediately  over  the  symphysis. 
The  last-mentioned  method  depends  probably  upon  a  reflex 
action  produced  by  the  sensitive  nerves  of  the  urethra  on 
the  motor  nerves  supplying  the  muscular  fibres  of  the  pars 
membranacea  urethrge  (through  which  part  the  bladder  is 
closed  most  promptly). 

Case  98. — Student  H.,  aged  nineteen  years,  a  corpulent, 
plethoric  young  man,  suffered,  since  his  sixteenth  year,  from 
frequent  pollutions,  for  the  alleviation  of  which  he  went 
much  among  women.  He  first  noticed,  in  the  winter  of  1855, 
that  even  when  pressing  strongly  on  the  bladder,  he  was 
obliged  to  wait  a  long  time  for  the  passage  of  the  urine,  or 
that,  it  did  not  pass  at  all  in  spite  of  a  strong  pressure.  In 
such  cases  he  drank  a  great  deal  of  white  beer,  which  was 
always  followed  by  an  evacuation  of  urine.  This  desire  to 
pass  water  became  less  noticeable  in  course  of  time,  allowing 
him  to  drink  six  or  more  glasses  without  being  troubled  in 
the  least.  The  bladder  was  naturally  more  and  more  dis- 
tended, the  musciflar  coat  relaxed,  and,  finally,  symptoms 
of  paralysis  of  the  bladder  supervened,  after  an  attack  of 
gonorrhoea  at  the  end  of  March,  treated  by  the  usual  means. 

Professor  von  Baerenspriing  ordered  irritating  ointments 
to  be  rubbed  over  the  region  of  the  bladder,  and  the  internal 
use  of  cantharides,  and,  after  failing  in  his  efforts,  sent  the 
patient,  on  May  18th,  to  my  office  for  electrical  treatment. 
A  treatment  of  eight  weeks  (forty-three  applications)  caused 
the  desire  to  urinate  to  become  spontaneous,  especially  in 

28 
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the  morning  and  in  the  course  of  the  day,  when  the  urine 
was  passed  promptly,  and  with  a  sufficient  jet ;  only  in  the 
evening  the  desire  was  less  frequent,  and  even  then  the 
bladder  was  emptied,  although  only  after  pressing  down  for 
some  time.  At  the  end  of  December,  the  patient,  having 
left  Berlin  in  August,  informed  me  by  letter  that  he  had 
fully  recovered  without  the  further  use  of  medicines. 

I  was  also  successful  in  curing  permanently,  in  a  short 
time,  three  cases  of  nocturnal  incontinence  of  urine  (enuresis 
noctuma),  that  obnoxious  evil,  so  frequently  defying  every 
medical  treatment.  It  had  existed  in  these  cases  till  the 
thirteenth  and  fourteenth  year. 

Three  boys,  Otto  F.,  Paul  D.,  and  Hermann  E.,  all 
pupils  of  Kornmesser's  Orphan  Asylum,  suffering  since  their 
seventh  year  from  this  affection,  were  sent  to  me  by  Dr. 
Hildebrandt.  In  Paul  D.,  the  enuresis  ceased  after  the  first 
application,  in  Otto  F.  it  occurred  more  rarely  in  the  first 
fourteen  days  ;  only  on  Hermann  E.  the  treatment  did  not 
seem  to  have  any  perceptible  influence  in  the  first  weeks, 
yet  twenty-two  applications  cured  him  entirely.  A  fourth 
case  failed  after  a  long-continued  treatment. 

Seeligmueller  ^  reports  the  following  case : 

Miss  Caroline  B.,  aged  twenty-two  years,  daughter  of  a 
physician,  suffered,  from  her  early  childhood,  from  inconti- 
nence of  urine  by  day  and  night,  every  possible  remedy 
having  been  employed  in  vain.  Although,  at  first,  intermis- 
sions in  the  disease  occurred  of  a  monthly  and  even  quarter- 
ly duration,  the  evil  finally  became  worse.  For  the  last 
half  year,  before  the  patient  came  under  the  care  of  Dr.  S., 
the  disease  increased  so  much  that  her  mother  had  to  wake 
her  every  night  two  to  three  times  regularly  to  urinate,  in 
spite  of  which  the  enuresis  frequently  occurred.  It  was 
natural  that  the  unhappy  girl,  being  deprived  of  every  en- 
joyment of  life,  became  very  low  spirited. 

'  See  Correspondenzblatt  des  Vereins  der  Aerzte  im  Regierungsbezirk  Merse- 
burg.     1867.    No.  1. 
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On  April  14,  1867,  the  electrodes  were  held  for  the  first 
time  by  a  midwife,  for  ^ye  minutes,  in  the  manner  men- 
tioned (3),  Dr..  S.  directing  the  strength  of  the  current, 
and  employing  a  degree  sufficient  to  be  plainly  felt  by  the 
patient,  without  causing  her  any  pain.  On  that  day  the 
patient,  having  the  day  previous  been  forced  to  go  to  the 
closet  every  quarter  of  an  hour,  was  obliged  to  urinate  but 
twice,  passing  the  night  without  any  desire  whatever.  When 
she  came  to  Dr.  S.'s  office  for  the  third  time,  April  16th, 
she  declared  herself  to  have  perfectly  recovered.  After  the 
fourth  application  (April  ITth),  the  catamenia  appeared, 
regular  as  usual,  and,  although  she  was  not  electrified,  the 
improvement  continued  till  April  22d,  in  the  afternoon, 
when  she  again  perceived  some  weakness  in  the  bladder. 
From  the  23d  to  the  26th  the  patient  had  four  additional  ap- 
plications, after  which  she  returned  to  her  home.  As  enuresis 
nocturna  had  occurred  but  twice  up  to  May  30th,  she  came 
again  to  Halle  for  four  additional  applications  from  June 
10th  to  13th.  Since  that  time  no  relapse  has  taken  place — 
at  least  not  by  September,  1867,  when  Dr.  S.  reported  the 
case.  The  patient  had  improved  greatly  in  bodily  health, 
and  freely  participated  in  all  the  pleasures  of  life. 


Only  such  cases  of  paralysis  of  the  laryngeal  muscles  are 
naturally  amenable  to  the  use  of  the  electric  current  which 
are  caused  by  an  alteration  of  the  nerves.  They  consist  of 
the  following  classes :  1.  A  complete  inflexibility  of  the  vocal 
cords.  2.  Where  aphonia  is  caused  by  a  more  or  less  deficient 
closing,  or  only  a  suspended  or  altered  vibration  of  the  vocal 
cords.  3.  Where  slight  exertion  is  soon  followed  by  a  fa- 
tigue of  the  organ  of  voice,  the  feebleness  or  absence  of  sound 
depending  upon  an  asthenia  of  the  muscles  of  the  glottis. 

If  the  laryngoscopical  examination  shows  a  case  to  be- 
long to  the  third  kind,  the  current  may  be  passed  percutane- 
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ously  by  placing  a  large  positive  conductor  on  the  neck,  and 
a  small  negative  one  on  the  region  of  the  upper  and  lower 
bones  of  the  thyroidean  cartilage,  and  connecting  them  with 
quite  a  strong  intermittent  or,  still  better,  constant  current. 
The  same  method  is  to  be  tried  in  cases  of  complete  paralysis 
of  the  voice  belonging  to  the  first  category,  which  failing, 
recourse  must  be  had  to  Ziemssen's  method,  described  on 
page  152,  of  direct  irritation  of  the  respective  laryngeal  mus- 
cles. For  the  treatment  of  the  second  class,  however,  hap- 
pening frequently  in  young  girls  as  an  hysterical  symptom, 
or  in  men  in  consequence  of  mental  emotion  or  the  influence 
of  cold,  existing  for  months,  and  even  years,  in  spite  of  the 
use  of  every  possible  remedy,  I  cannot  too  strongly  urge  the 
employment  of  the  induction  current  directed  to  the  larynx, 
in  the  shape  of  the  electric  moxa,  on  account  of  the  certain 
and  surprisingly  rapid  success  following  it. 

In  proof  of  this  assertion,  the  following  cases  are  quoted : 
Case  99. — Miss  Mary  O.,  twenty-nine  years  of  age, 
healthy  during  childhood,  suifered,  in  her  thirteenth  year, 
in  the  spring  of  1844,  from  vomiting  each  time  after  taking 
any  kind  of  food,  and  did  not  recover  until  in  the  fall,  after 
the  use  of  the  sea-bath.  In  her  sixteenth  year  she  had  chlo- 
rosis, suffering  besides  from  frequent  headache  on  the  left 
side  for  nearly  a  year.  In  July,  1860,  again  frequent  vomit- 
ing ensued,  without  any  known  cause — at  first  only  after 
dinner,  later  also  after  breakfast,  and  finally  whenever  she 
took  food,  especially  in  the  liquid  form.  At  ISTew  Year  her 
voice  became  suddenly  very  weak,  and,  from  the  4th  of 
January,  absolute  aphonia  ensued.  After  the  useless  ad- 
ministration of  dissolvents  and  derivants  (croton-oil,  blisters, 
etc.),  the  patient  was  advised  to  place  herself  under  my  care, 
March  26th,  of  the  same  year.  I  applied  the  electric  pencil, 
with  the  greatest  possible  intensity  of  the  current,  directly 
to  the  larynx,  until  the  patient  cried  out  loud  in  consequence 
of  the  extremely  violent  pain.  The  voice  immediately  re- 
turned, the  aphonia  having  been  entirely  removed. 
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Case  100. — Miss  E.,  aged  eighteen  years,  was  engaged, 
for  two  years,  to  a  military  officer,  who  did  not  obtain  the 
consent  of  his  parents  until  lying  on  a  sick-bed.  Half  a 
year  ago  she  visited  her  future  parents-in-law.  While  there 
she  was  probably  subjected  several  times  to  mental  emotions 
of  various  kinds — at  least,  having  heretofore  enjoyed  good 
health.  She  returned,  at  the  end  of  December,  1865,  to  her 
home,  having  become  nervously  affected  to  the  highest  de-^ 
gree.  She  began  to  cough,  lost  flesh,  her  voice  became  weak, 
and  disappeared  completely  at  the  end  of  January,  1866,  and 
she  was  believed  to  be  affected  with  a  pulmonary  disease. 
On  March  28th  the  despairing  patient  applied  to  Professor 
Traube,  who  found  the  lungs  to  be  perfectly  normal,  and  in 
the  larynx  only  a  gaping  of  the  vocal  cords  without  any 
vibration.  He  then  turned  the  patient  over  to  my  care. 
After  the  electric  moxa  was  applied  once.  Miss  R.  had  re- 
covered the  full  use  of  the  voice.  Professor  Traube  convincing 
himself,  the  following  day,  of  the  perfectly  normal  function 
of  the  vocal  cords. 

Case  101.— Franz  H.,  thirteen  years  old,  a  patient  of  Dr. 
Hammer,  having  been  exposed  to  a  cold  on  the  9tli  of  Jan- 
uary, while  dancing,  was  taken  with  pain  in  the  left  side  of 
the  larynx,  losing  also  his  voice.  After  the  use  of  the  tartar-: 
emetic  ointment  and  warm  cataplasms,  pain  and  aphonia  dis- 
appeared, enabling  the  patient,  on  February  1st,  to  go  to 
school  again,  but  only  for  eight  days.  Since  that  time  he 
was  absolutely  speechless,  and  remained  so  in  spite  of  every 
remedy  employed,  until  a  permanent  cure  was  effected,  on 
March  22,  1864,  by  a  single  application  of  the  electric  moxa 
to  the  larynx. 

Case  102. — Rev.  W.,  from  Hanover,  thirty-three  years 
of  age,  was  attacked,  March,  1861,  by  pneumonia  and  sub- 
sequent bronchitis,  after  having  exerted  his  voice  too  much 
while  speaking  in  a  cemetery  in  cold,  stormy  weather.  The 
application  of  leeches,  with  a  long-continued  after-bleeding, 
was  followed  by  the  loss  of  speech,  which,  after  the  use  of 
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whey  and  sea-batliing,  still  continued,  allowing  liim  only  to 
speak  with  great  difficulty  a  few  words  aloud,  when  the  voice 
ceased  immediately.  This  condition  of  his  voice  caused  the 
patient,  in  May,  1862,  to  consult  Professor  Traube,  who, 
after  ascertaining,  by  means  of  the  laryngoscope,  that  kind 
of  paralysis  of  the  vocal  cords  where  the  pars  ligamentosa 
forms  an  elliptical  fissure,  sent  the  patient  to  my  office  for 
;the  purpose  of  electric  treatment.  After  the  first  applica- 
tion of  the  moxa,  the  patient  was  able  to  speak  louder  and 
for  a  longer  period.  A  repeated  use  of  the  moxa,  and  the 
simultaneous  subcutaneous  faradization  of  the  laryngeal 
nerve,  enabled  Mr.  W.  to  read  aloud  for  some  time,  and  he 
left  with  the  full  use  of  his  voice. 

Case  103. — Miss  H.,  of  Halle,  aged  twenty-three  years, 
suffered  from  a  severe  laryngeal  catarrh,  in  consequence  of 
a  cold  contracted  in  May,  1859.  Aphonia  followed,  changing 
first  in  intensity,  and  finally  continuing  without  interruption. 
Neither  the  mountain  air  nor  a  long  sojourn  on  the  Geneva 
Lake,  in  the  spring  of  1861,  restored  her  voice,  until,  after 
having  been  hoarse  for  two  and  a  half  years,  she  was  cured 
through  the  inhalation  of  sulphur- vapors  in  Langenbruecken, 
in  August,  1861.  But  this  recovery  lasted  only  a  short  time. 
The  patient,  having  returned  to  her  home,  lost  her  voice, 
after  three  weeks,  she  being  able  only  to  speak  a  few  words 
aloud  at  long  intervals,  until  even  this  ceased,  and  she  be- 
came entirely  aphonic  in  February,  1862.  Professor  Traube 
found  both  vocal  cords  paretic,  forming  a  wide  gaping  fissure 
upon  every  attempt  of  modulation.  Patient  came  to  my 
office  May  20,  1862.  The  voice  did  not  return  immediately 
on  the  use  of  the  electric  moxa,  yet  she  was  able  to  speak 
to  Professor  Traube  in  a  loud  voice  after  a  few  hours.  The 
sound  of  the  voice  was  weaker  in  the  morning  during  the 
first  days ;  after  each  faradization,  however,  it  was  of  a  full 
timbre,  and  continued  thus  after  thirteen  applications.  In 
accordance  with  this  improvement,  a  gradual  approximation 
of  the  vocal  cords  took  place  too.     At  the  end  of  May,  1865, 
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I  was  informed  that  the  patient  had  recovered  the  full  use 
of  her  voice. 


n.    ELECTEICITY   IN    DISEASES    DEPENDING  UPON    ANOMALIES   OF 
SECEETION  AND   EXCRETION. 

A.  MheumatiG  Exudations. 

If  we  start,  with  regard  to  the  origin  of  rheumatic  affec- 
tions, from  the  opinion  now  pretty  generally  adopted,  that 
the  secreting  function  of  the  skin  is  deranged  through  a  sud- 
den change  of  temperature,  in  consequence  of  which  the  re- 
tained cutaneous  secretions  cause  a  change  of  the  con- 
stituent parts  of  the  blood  and  lymph,  the  effects  of  which 
change  are  either  restricted  to  the  starting-place,  or  which 
also  may  affect  other  tissues  predisposed  to  it  on  account 
of  their  anatomical  and  chemical  formation,  the  already 
known  effects  of  the  electric  current,  both  the  interrupted 
and  the  continued,  will  explain  to  us  its  use  in  rheumatic 
affections.  This  is  caused  partially  by  the  increased  secre- 
tion of  the  perspiration  ensuing  after  the  employment  of  the 
interrupted  current  in  consequence  of  the  irritation  of  the 
contractile  fibres  of  the  connective  tissue,  partially  through 
the  influence  of  the  currents  on  the  blood  and  lymph  vessels, 
which,  being  first  dilated  under  the  use  of  the  current,  bring 
again  into  circulation  the  stagnating  blood  and  lymph  cells, 
and  absorb  exudations  in  consequence  of  the  free  circulation 
caused  by  it.^  The  employment  of  the  interrupted  current 
also  produces  the  same  effect  by  increasing  the  energy  of  the 
vascular  walls,  thus  causing  stronger  contractions  ;  or,  final- 
ly, through  the  chemical  process  ensuing,  probably,  in  con- 
sequence of  the  transmission  of  liquids  within  the  tissues  in- 
fluenced by  the  current,  which  action  is  more  intense  by  the 
use  of  constant  batteries  than  with  the  magneto-electric  appa- 

»  Remak,  I.  c,  page  290. 
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ratus,  and  again  more  intense  with  the  latter  than  with  the 
Yolta-induction  apparatus. 

Concerning  the  method  itself,  rheumatism  of  the  skin  is 
usually  soon  removed  througli  cutaneous  faradization.  In 
rheumatic  callosities  (see  E^ote,  page  271),  one  of  the  moist- 
ened conductors  is  placed  upon  the  induration  itself  and  the 
other  applied  in  its  vicinity,  it  making  no  difference  which 
apparatus  is  used.  The  rheumatic  articular  inflammations 
and  exudations  are  most  suitably  treated  by  passing  as  strong 
a  current  as  possible  for  from  five  to  ten  minutes  transverse- 
ly through  the  joint ;  and  it  will  be  of  advantage  to  frequent- 
ly change  the  direction  of  the  currents,  as  recommended  es- 
pecially by  Fromhold,  which  not  only  diminishes  greatly  the 
painfulness  of  this  method,  but  also  renders  a  long-continued 
application  possible.  Remak,  believing  that  a  transmission 
of  liquids  takes  place  from  the  positive  to  the  negative  pole, 
advises  the  connection  of  the  positive  electrode  with  the  in- 
flamed surface,  the  negative  pole  being  placed  in  its  vicinity, 
but  without  the  irritated  joint ;  the  direction  of  the  current, 
however,  respecting  the  position  of  the  electrodes,  is  to  be 
reversed,  if  the  inflammation  is  accompanied  by  symptoms 
of  a  serous  secretion.  This  method  is  especially  indicated 
in  acute  rheumatic  or  traumatic  affections  of  the  joints  with 
an  extraordinarily  increased  sensibility,  where  we  soon  are 
able  to  find  out  whether  electricity  is  applicable  to  such  a 
case,  without  incurring  the  risk  of  augmenting  the  danger 
of  the  inflammatory  process.  For  if  the  use  of  a  moderately- 
strong  current,  showing  a  deviation  of  the  needle  from  20° 
to  25°,  causes,  after  one  or  two  minutes,  not  only  no  decrease 
but  rather  an  increase  of  pain,  the  electric  treatment  is  not 
yet  applicable,  a  previous  local  antiphlogistic  treatment 
being  necessary.  On  the  other  hand,  in  those  cases  in  which 
the  application  of  electricity  is  followed  by  a  perceptible 
alleviation  of  pain  and  a  feeling  of  decided  relief,  the  inflam- 
matory process  soon  ceases,  followed  by  a  rapid  absorption 
of  the  inflammatory  products,  prognosticating,  in  fact,  an 
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early  cure,  happening  sometimes  after  one  or  a  few  addi- 
tional applications. 

Besides  this  catalytic  action,  the  cmTcnt  passed  trans- 
versely through  the  joint  performs  another  no  less  impor- 
tant part,  of  causing  anaesthesia  of  the  joint.  This  result  is 
the  more  to  be  valued,  as,  in  spite  of  the  visible  diminution 
of  the  exudation,  free  motion  is  frequently  impaired  by  the 
continued  hypersesthesia.  In  addition,  this  method  removes, 
sometimes  permanently,  the  most  violent  and  long-continued 
pain  at  once,  as  if  by  a  charm,  even  if  the  chronic  exuda- 
tion still  continues.  Thus,  I  treated  a  phthisical  patient 
of  Dr.  E-iese,  suffering  from  inflammation  of  all  the  joints 
of  the  fingers,  of  the  wrist  and  elbow-joint  of  the  left  arm, 
existing  for  several  months  without  any  known  cause.  In 
this  case,  a  single  transverse  passing  through  of  the  induction 
current  removed,  immediately  and  permanently,  the  most 
violent  pain  following  the  slightest  touch  or  motion,  or,  oc- 
curring spontaneously,  especially  in  the  night.  In  addition 
to  the  articular  inflammation  of  the  joint,  or  without  it,  there 
are  found  inflammatory  exudations  at  the  places  of  insertion 
of  single  muscles  (especially  at  the  insertion  of  the  biceps 
and  coraco-brachialis  muscle  to  the  coracoid  process),  render- 
ing the  joint  completely  immovable  through  their  extraordi- 
nary tenderness,  and  frequently  also  causing  radiating  pains 
and  motor  reflex  symptoms,  all  of  which  are  frequently  cured 
by  directly  acting  on  the  painful  portion  of  the  joint.  Exu- 
dations in  the  joints  of  the  hands  and  fingers  developed  after 
fractures  of  the  bones  in  consequence  of  plaster-of-Paris 
dressings,  and  of  the  immovability  of  the  respective  joint, 
lasting  frequently  for  months,  thus  rendering  the  arm  useless 
for  years  and  even  forever,  also  yield  often  to  the  same 
method  of  treatment,  especially  if  there  are  directed  at  the 
same  time  single  powerful  shocks  to  the  contracted  flexors, 
and  strong  induction  currents  upon  the  semiflexed  extensors. 

Case  104. — Friedrich  Herm,  a  weakly  man,  of  fifty-five 
years  of  age,  was  taken,  about  six  weeks  ago,  with  pain  in 
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the  riglit  shoulder-joint,  which  ceased  somewhat  on  using 
the  arm,  but  became  so  intense  whenever  he  kept  quiet  or 
lay  down,  that  he  was  unable  to  raise  the  right  hand  with- 
out supporting  it  with  the  other.  The  pain  ensuing,  es- 
pecially, on  pressure  of  the  coracoid  process,  increased  for 
the  next  three  weeks  to  such  an  extent,  that  it  was  absolute- 
ly impossible  for  the  patient  to  raise  the  hand  or  forearm, 
preventing  him  from  doing  any  kind  of  work  and  even  from 
eating.  Sulphur-baths  rendered  him  still  worse,  but  the  re- 
peated application  of  leeches  at  least  alleviated  the  ten- 
derness. When  the  patient  came  to  my  office,  July  14, 
185T,  he  was  unable  to  move  the  elbow  farther  than  three 
inches.  Every  effort  to  do  so,  anteriorly  or  laterally,  was 
prevented  by  a  violent  pain,  originating  in  the  pointed  end 
of  the  coracoid  process  immediately  at  the  place  of  insertion 
of  the  biceps  muscle.  At  this  spot  I  felt  a  soft  exudation, 
touching  which,  caused  the  patient  to  cry  aloud.  The  deltoid 
as  well  as  the  other  muscles  of  the  upper  arm,  was  emaciated. 
I  employed  the  induction  current,  placing  a  smaller  conduc- 
tor on  the  painful  place  and  a  larger  one  on  the  deltoid  mus- 
cle. After  an  action  of  about  ten  minutes,  I  had  the  plea- 
sure of  observing  in  the  patient  a  considerable  diminution 
of  pain  and  an  easier  motion  of  the  arm.  After  the  second 
application,  he  was  able  to  raise  the  arm  anteriorly  to  an 
angle  of  60° ;  after  the  third  (July  10th),  to  a  right  angle. 
The  exudation  was  materially  reduced,  a  strong  pressure 
with  the  finger  caused  but  little  pain.  After  the  eighth  ap- 
plication, July  26th,  the  patient  resumed  his  work.  A  few 
additional  applications  sufficed  to  cause  the  complete  resorp- 
tion of  the  exudation. 

Case  105. — Mr.  L.,  pianist,  slipped  while  walking,  in  the 
middle  of  February,  1860,  saving  himself  from  falling  down 
entirely  only  by  projecting  stiffly  the  left  arm,  so  that  the 
surface  of  the  hand  bore  the  whole  weight  of  the  body.  In 
consequence  of  this  fall  he  had  pain  in  the  wrist-joint,  which 
he  tried  in  vain  to  alleviate  by  cold  compresses  and  lini- 


RHEUMATISM.  44:3 

ments.  The  pain  increased  whenever  he  played  on  the 
piano,  extended  soon  into  the  little  and  ring  fingers,  and 
finally  prevented  him  from  playing  altogether.  On  exam- 
ining him,  on  March  13th,  I  fomid  an  exudation,  about  as 
large  as  a  pea,  between  the  os  magnum  and  the  metacarpal 
bones  of  the  little  and  ring  fingers,  causing,  on  pressure,  be- 
sides the  local  pain,  another,  radiating  to  the  little  and  ring 
fingers.  On  placing  one  of  the  moistened  conductors  on  the 
exudation,  and  the  other  upon  the  corresponding  metacarpal 
space,  decrease  of  pain  ensued  after  a  few  minutes.  After 
four  applications,  the  patient  was  able  to  play  on  the  piano 
for  an  hour  at  a  time,  and  to  appear  the  next  week  in  a 
concert.  The  induced  current  was  also  employed  in  this 
case. 

Case  106. — Mr.  F.,  merchant,  aged  forty-one  years,  al- 
ways healthy,  was  attacked,  in  the  spring  of  1855,  with 
rheumatic  pain  in  the  left  arm,  for  the  removal  of  which  he 
went  to  Toplitz.  The  result  was  so  far  favorable,  as  the 
pain  was  absent  during  the  winter,  returning,  however,  again, 
and  causing  him  to  revisit  the  baths  of  Toplitz  in  1856. 
Here  the  patient  allowed  a  jet  of  warm  water  to  fall  upon 
the  temporarily-painful  elbow-joint,  thus  causing,  or  at  least 
increasing,  an  inflammation  of  that  joint.  Soon  after  his 
return  the  joint  became  swollen,  stiff,  and  painful,  prevent- 
ing every  attempt  of  stretching  the  bent  arm.  In  the  spring 
of  1857  the  swelling  and  stiffness  increased,  every  involun- 
tary motion,  the  slightest  touch  of  the  left  arm,  produced  the 
most  violent  pain,  which  occurred  also  during  the  night, 
whenever  the  patient  lay  on  the  left  side.  I  found,  on  June 
8,  1857,  the  elbow-joint  considerably  swollen,  especially  in 
the  condyles,  and  more  so  in  the  internal  condyle.  Pres- 
sure on  these  parts,  and  on  the  groove  between  the  inner 
condyle  and  the  olecranon,  caused  a  violent  pain.  The  fore- 
arm was  bent  toward  the  humerus  at  an  angle  of  about  70°, 
extension  being  impossible.  Partly 'cutaneous  faradization, 
partly  a  passing  of  currents  through  the  joint,  partly  in- 
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creased  extension  by  faradizing  the  triceps  muscle,  acted 
so  favorably  that  the  pain  was  greatly  diminished  June 
11th  (fourth  application),  and  an  extension  to  100°  became 
possible,  fifteenth  application  (July  1st) ;  tenderness  entirely 
gone,  the  swelling  is  reduced,  especially  in  the  external  con- 
dyle. The  internal  condyle  is  still  greatly  swollen ;  the  arm 
can  be  extended  to  an  angle  of  130°.  The  treatment  termi- 
nated with  the  twenty-ninth  application,  when  the  arm  could 
be  extended  to  1Y0°.  Pain  had  not  returned ;  the  arm  was 
perfectly  useful ;  the  swelling  was  considerably  reduced. 

Case  10 Y. — Lieutenant  H.,  of  Stettin,  aged  twenty-six 
years,  was  aflPected,  eleven  weeks  ago,  probably  in  conse- 
quence of  a  cold,  with  pain  in  the  right  maxillary  joint,  ren- 
dered worse  through  every  attempt  at  chewing,  but  also 
continuing  without  exercising  the  affected  parts.  After  the 
pain  had  yielded,  within  three  weeks,  to  local  depletion, 
poultices,  and  the  use  of  the  unguentum  N^eapolitanum,  the 
left  articulation  was  affected  in  the  same  manner,  but  in  a 
less  degree ;  here,  also,  pain  gradually  ceased,  leaving,  how- 
ever, an  incomplete  anchylosis  of  both  maxillary  articula- 
tions, for  the  removal  of  which  Dr.  ]^agel  advised  the  em- 
ployment of  electricity.  On  May  1,  1867,  the  patient  could 
hardly  separate  the  jaws  to  the  extent  of  a  finger's  breadth ; 
lateral  motion,  as  well  as  motion  of  the  lower  jaw  anteriorly, 
was  impossible;  every  attempt  to  do  this,  or  to  open  the 
mouth  farther,  caused  a  dull  pain  in  the  joint,  extending 
into  the  ear.  In  this  case  one  of  the  moistened  conductors 
was  placed  on  the  maxillary  joint,  at  the  external  border  of 
the  cheek,  the  other  being  applied,  through  the  mouth,  to 
the  condyloid  process  of  the  lower  maxillary  bone,  and  thus 
kept  for  several  minutes.  Immediately  afterward,  the  jaws 
could  be  separated  to  the  extent  of  one-fourth  inch,  but  this 
improvement  was  only  of  short  duration,  for,  on  the  next 
morning,  the  contraction  of  the  masseter  muscles  made  it  im- 
possible to  put  the  thumb  into  the  mouth.  After  six  ap- 
plications, however  (May  Yth),  slight  lateral  motion  was  ob- 
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served,  becoming  pretty  easy  after  twelve  applications  (May 
lOth) ;  the  patient  now  being  able  to  chew  solid  food  without 
pain,  and  to  move  the  lower  jaw  about  two  lines  forward. 
The  eighteenth  application  terminated  the  treatment,  the 
patient  having  recovered  the  full  use  of  both  joints. 

Case  108. — Mna  S.,  aged  nine  and  a  half  years,  was  af- 
fected with  a  swelling  of  the  left  knee,  after  having  passed 
through  an  attack  of  scarlatina,  in  April,  1859,  or,  perhaps,  in 
consequence  of  a  cold.  Iodine  ointment  was  employed  for 
two  years,  without  any  result.  Having  afterward  used,  with 
comparatively  little  effect,  the  baths  of  Baden-Baden,  and 
Pyrmont,  she  was  placed  under  my  care,  October  15,  1863. 
On  receiving  her  I  ascertained  the  following :  The  left  knee 
was  one  inch  larger  in  circumference  than  the  right ;  it  was 
bent  to  the  thigh  at  an  angle  of  175°  ;  every  attempt  to  stretch 
it  above  this  angle  caused  great  pain ;  the  muscles  of  the  left 
thigh  were  atrophied ;  the  child  limped ;  no  deviation  of  the 
spinal  column  existed.  The  conductors  of  a  strong  induction 
current  were  placed  crosswise  above  and  below  the  knee-pan, 
and  kept  for  several  minutes  in  this  position,  after  which  the 
thigh  was  extended  by  faradizing  the  quadriceps  femoris. 
After  six  applications  (October  26th),  a  visible  improve- 
ment was  noticed.  After  the  twentieth  application  (Decem- 
ber 1st),  the  leg  could  be  perfectly  straightened,  the  nutrition 
of  the  femoral  muscles  was  perceptibly  improved,  the  swelling 
of  the  knee  was  diminished,  and  there  remained  but  a  slight 
dragging  of  the  leg.  Yet  electricity  was  still  employed  till 
February,  1864,  making  in  all  fifty-two  applications,  at  which 
time  no  other  morbid  symptom  remained,  except  a  slight  dif- 
ference of  bulk  between  the  two  knee-joints. 

Case  108. — ^Mrs.  Nietner,  laundress,  forty-two  years  of 
age,  received  a  fracture  of  the  radius  and  ulna  immediately 
above  the  wrist-joint,  April  28,  1867.  She  was  treated  by 
Dr.  Wilms  with  dressings  of  plaster  of  Paris,  and  sent  to  me, 
on  May  25th,  for  the  purpose  of  having  the  stiffness  of  the 
joint  removed  through  electricity.   I  found  supination  entire- 
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ly  suspended,  the  wrist  and  all  the  finger-joints  immovable, 
the  fingers  in  a  state  of  semiflexion,  an  attempted  passive  ex- 
tension very  painful.  A  battery  current,  averaging  thirty  to 
forty  elements,  passed  first,  for  two  to  three  minutes,  trans- 
versely through  the  wrist,  and  then  through  the  finger-joints. 
After  eight  applications,  lasting  five  to  ten  minutes  each,  the 
wrist  was  movable  upward  and  downward,  supination  still 
impaired,  but  possible,  too.  In  six  additional  applications 
(two  per  week),  the  same  method  was  employed,  par- 
tially-descending labile  currents  passed  now  through  the 
extensors,  now  through  the  flexors,  and  finally  powerful 
flexions  and  extensions,  produced  by  directing  the  current 
transversely  through  the  wrist-joint  by  means  of  a  metallic 
current  changer,  thus  materially  improving  the  motion  of 
the  joint.  This  treatment  enabled  the  patient,  on  July 
15th,  to  resume  her  work  as  laundress,  and  to  continue  it 
without  interruption. 

Remak  reports,  in  his  Galvano-therapie  (page  295),  the 
following  case  of  traumatic  affeption  of  the  joint : 

Michael  Hartleib,  tailor,  thirty-six  years  of  age,  fell, 
March  2d,  the  sidewalk  being  slippery,  on  the  right  hand, 
spraining  the  wrist-joint,  rendering  it  immediately  impos- 
sible to  bend  or  shut  the  hand,  and  passing  a  sleepless  night, 
in  ^pite  of  the  application  of  cold  water.  Remak  found,  the 
next  morning,  the  wrist-joint  so  much  swollen,  especially  on 
the  dorsal  surface,  hot,  and  painful,  that  he  was  unable  to 
ascertain  whether  a  fracture  of  bones  had  taken  place.  The 
fingers  were  also  stiff  and  tumid.  He  immediately  directed 
labile  currents,  of  thirty  elements  of  Daniell,  both  through 
the  swelling  and  through  the  neighboring  muscles,  until 
mild  contractions  ensued  in  the  muscles  covering  the  dorsal 
surface.  This  being  continued  for  ^ve  minutes,  during  which 
period  the  patient  noticed,  from  minute  to  minute,  his  hand 
become  freer  from  the  swelling  and  stiffness,  every  motion 
of  the  hand  and  fingers  was  restored,  enabling  him  to  write 
his  name.     The  following  day  (March  4th),  he  reported  hav- 
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ing  sewn  some  coarse  work,  only  the  handling  of  the  scissors 
being  diflficult.  A  slight  swelling  was  still  visible  on  the 
dorsal  side  of  the  wrist.  The  former  treatment  being  re- 
peated, the  patient  reported  himself  free  of  every  complaint. 
In  traumatic  and  rheumatic  articular  exudations,  even 
in  those  of  long  standing,  I  have  repeatedly  observed  that, 
after  the  resorption  has  been  instituted  through  the  electric 
current,  this  process  progresses  spontaneously,  even  to  the 
perfect  removal  of  the  exudation,  without  the  further  use  of 
electricity,  or  any  other  resolving  agent,  so  that  here  an  after- 
effect of  electricity  may  be  justly  said  to  exist. 


B.  Arthritic  Articular  Exudations. 

"We  have  already,  on  page  253,  treated  of  a  form  of 
gouty  articular  affection  (arthritis  nodosa),  in  which  the 
swelling  of  the  joint  is  connected  with  atrophy  of  the  in- 
terosseous muscles,  which  affection  can  be  completely  re- 
moved by  galvanizing  the  sympathetic  nerve.  In  a  second 
form,  too,  in  which  not  only  the  synovial  capsule  and  the 
ligaments  present  the  appearance  of  a  chronic  inflammation 
spreading  to  other  joints,  but  where,  also,  the  articular  carti- 
lages and  surfaces  show,  at  the  same  time,  peculiar  changes 
and  malformations  (arthritis  deformans),  the  galvanization 
of  the  sympathetic  system  seems  also  to  produce  a  material 
improvement.  I  have,  in  a  stout  girl,  twenty-four  years  old, 
a  patient  of  Dr.  Boeger,  produced,  by  the  above-mentioned 
treatment,  an  increase  of  temperature,  alleviation  of  pain, 
diminution  of  the  swelling,  and  easier  motion. 

Concerning  the  true  gout  (arthritis  vera),  only  internal 
remedies  are  to  be  employed  while  the  disease  is  in  the  acute 
stage ;  after  the  fever  is  gone,  and  the  true  gouty  nodules 
remain,  it  is  sometimes  possible  to  insure  a  cure  through  the 
employment  of  strong  constant  (derived  from  forty  to  sixty 
elements  of  Daniell),  or  through  strong  induced  currents. 
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I  am  indebted  to  the  kindness  of  Dr.  Calien  for  the  fol- 
lowing case : 

Mrs.  S.,  aged  sixty  years,  a  lady  of  great  reiinement,  be- 
came so  reduced  in  circumstances,  through  the  unexpected 
death  of  her  husband,  that  she  was  compelled  to  perform 
labors  to  which  she  was  previously  unaccustomed.  For  ten 
years  she  suffered  from  a  gouty  affection  to  such  an  extent, 
that  finally  both  wrists,  and  all  the  finger-joints,  were  almost 
completely  anchylosed,  through  gouty  deposits.  Every  at- 
tempt to  move  the  joints  caused  violent  pain,  preventing  her 
from  doing  any  kind  of  work.  The  finger-joints  were  en- 
larged, painful  on  pressure,  and  somewhat  fluctuating.  K^o 
hereditary  disposition  could  be  ascertained.  After  the  patient 
had  for  years  in  vain  employed  various  internal  and  external 
remedies,  she  applied  to  Dr.  Cahen  for  an  electric  treatment. 
A  few  years  ago  she  had  used  the  rotation  apparatus,  expe- 
riencing some  relief,  but  suspended  the  treatment  soon  after. 
Dr.  Cahen  employed  induction  electricity  with  the  greatest 
assiduity  for  half  a  year,  daily  without  interruption,  in  such 
a  manner  as  to  enclose  for  several  minutes  each  single  en- 
largement in  the  circuit.  Soon  the  painfulness  of  the  joints 
disappeared,  the  swellings  became  gradually  less,  the  mova- 
bility  of  the  joints  increased  in  proportion,  until  the  patient 
had,  at  the  end  of  the  treatment,  recovered  the  full  use  of 
her  hands,  l^o  abnormal  formations  existed  in  the  wrist- 
joints  ;  the  joints  of  the  fingers,  however,  were  thicker  than 
in  the  normal  state ;  fluctuation  was  entirely  gone ;  but 
strong  crepitation  was  heard  whenever  the  joints  were 
rubbed  against  each  other. 


C.  Suppressed  Secretioiis  and  Excretions. 

With  regard  to  the  influence  of  electricity  in  diseases 
caused  through  a  derangement  of  an  existing,  or  through 
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the  absence  of  a  normal  secretion,  we  must  consider  its  di- 
rect effect  upon  the  non-secreting  organ,  the  exciting  influ- 
ence exercised  by  the  current  on  the  nerves  collecting  in 
the  respective  glands,  and  to  a  greater  extent  the  contrac- 
tions it  produces  in  the  muscular -fibres  situated  in  the 
glands,  thus  occasioning  secretion  of  the  proper  material. 
That  the  last-mentioned  action  is  the  more  important,  is 
proved  by  the  following  circumstances :  1.  The  electric  cur- 
rent has  the  power  of  restoring  the  suppressed  perspiration 
of  the  feet,  and  to  promote  the  secretion  of  cerumen,  while, 
at  least  up  to  the  present  time,  it  has  been  impossible  to 
find  nerves  in  the  perspiratory  and  ceruminous  glands.  2. 
The  secretion  of  milk  is  independent  of  the  connection 
of  the  gland  with  the  intercostal  nerves,  as  proved  by  the 
experiments  of  Eckhard,  made  by  their  section.  Finally, 
3.  The  intermittent  is  generally  far  more  efiicieht  than  the 
constant  current  for  the  purpose  of  restoring  suppressed  se- 
cretions. In  some  cases,  where  a  direct  irritation  must  be 
avoided  as  much  as  possible,  it  is  better  to  obtain  the  desired 
result  through  reflex  action  by  acting  on  the  skin  and  its 
nerves  through  faradization. 

Suppressed  perspiration  of  the  feet  is  soonest  restored  by 
faradization. 

Case  109.-^ August  Braklo,  merchant,  aged  twenty-four 
years,  after  having  worked  eight  days  in  a  cellar,  in  which 
he  also  slept,  felt  a  stitching  pain  in  both  heels,  extending 
thence  into  the  feet,  so  that  every  step  became  painful,  es- 
pecially after  having  been  quiet  for  some  time.  Soon  both 
feet  began  to  swell,  followed  by  a  suppression  of  the  habitual 
perspiration  and  a  feeling  of  numbness  in  both  legs.  The 
patient  came  to  my  ofiice,  E'ovember  24,  1859,  after  having 
in  vain  employed  irritating  foot-baths,  embrocations,  and 
Russian '  baths,  for  a  month.  After  the  first  cutaneous  fara- 
dization of  the  feet  and  legs,  the  feet  became  warmer,  and 
the  walking  easier.  After  the  third  application,  the  feet  be- 
gan to  perspire,  the  swelling  diminished,  and  the  pain  oti 

29 
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making  a  step  disappeared ;  after  the  eighth  application  he 
was  enabled  to  pursue  his  usual  occupation. 

With  regard  to  menstruation,  we  have  already,  on  page 
93,  mentioned  that  it  has  often  been  produced  or  aug- 
mented against  our  intention  in  consequence  of  the  elec- 
tric irritation  of  any  portion  of  the  body,  especially  those 
near  the  uterine  region.  This  experience  might  often  be 
employed  with  advantage ;  if  this  kind  of  action  does  not 
suffice,  we  may  try  Schultz's  ^  method  of  cutaneous  faradiza- 
tion of  the  soles  of  the  feet,  the  legs,  or  the  chest ;  and,  this 
being  insufficient,  we  may  follow  the  example  of  Golding 
Bird,  by  passing  a  series  of  shocks  (twelve  to  fifteen  in  num- 
ber) through  the  pelvis,  applying  one  conductor  to  the 
lumbo-sacral  region,  and  the  other  to  the  pubic  bone  or  the 
vagina.  Of  twenty-two  patients  suffering  from  amenorrhcea, 
fourteen  were  cured  in  Guy's  Hospital,  through  this  method ; 
of  the  eight  unsuccessful  cases,  seven  were  at  the  same  time 
affected  with  angemia,  leucorrhoea,  or  phthisis  pulmonum. 
We  read  the  following  case  in  Guy's  Hospital  reports,  1822 
(page  143)  : 

Miss  B.,  eighteen  years  of  age,  of  tall  stature,  suffered, 
for  some  time,  from  amenorrhcea,  for  the  removal  of  which 
she  employed,  in  vain,  the  different  preparations  of  iron. 
Her  general  health  became  worse,  appetite  diminished,  and 
she  became  irritable  and  low-spirited:  Iron,  soda,  and  rhu- 
barb, improved  her  general  condition,  but  the  menses  Were 
still  absent.  Then  statical  electricity  was  applied,  a  series 
of  shocks  being  passed,  every  other  day,  through  the  pelvis. 
The  menses  appeared  after  three  weeks,  lasting  for  three 
days.  The  treatment  was  now  suspended  for  three  weeks, 
and  applied  again  three  times  in  the  fourth  week.  Menstru- 
ation took  place  at  the  normal  period,  continued  five  days, 
and  returned  regularly.  The  general  health  of  the  patient 
also  continued  good. 

'  Die  Reflexwirkungen  der  Induction-Electricitat.  Wiener  med.  Wochen- 
schrift,  1855,  No.  49. 
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Similar  successful  results  in  amenorrhoea  and  djsmenor- 
rhoea  were  obtained  by  v.  Holsbeck  and  Bitterlin/  also  by 
Charles  Taylor,"  Hervieux,  Graves,  etc. 

The  impaired  secretion  of  milk  may  also  be  improved  in 
two  ways,  either  by  allowing  the  induction  current  to  act, 
by  means  of  moist  electrodes,  for  several  minutes  on  the 
gland,  or  through  reflex  excitation  by  faradizing  the  skin  of 
the  pectoral  region.  Aubert  ^  thus  treated  a  woman  for  an 
angesthesia  of  the  skin  of  the  pectoral  region,  for  from  ten  to 
twenty  minutes,  with  dry  conductors,  and  who,  having  been 
confined  seven  months  before,  did  not  nurse  her  child,  and 
in  consequence  had  no  trace  of  milk  three  weeks  after  de- 
livery. After  the  third  application,  a  kind  of  milk-fever  en- 
sued, the  breast  began  to  swell,  and  the  nipples  became 
moist.  After  the  fifth  application,  the  milk  could  be  readily 
collected. 

Aubert  reports,  besides,*  the  following  case  : 

A  woman,  twenty-six  years  of  age,  mother  of  three  chil- 
dren, nursed  the  third  one  herself  for  eleven  and  a  half 
months,  when  it  was  taken  with  pneumonia,  and  refused  the 
breast.  "When  the  child  was  put  to  the  breast  again,  the 
secretion  had  entirely  ceased.  Aubert  placed  wet  elec- 
trodes alternately  upon  both  breasts,  taking  care  to  avoid 
pain  and  muscular  contraction,  by  gradually  increasing  the 
strength  of  the  current.  After  the  fourth  application,  the 
breasts  were  tense  and  full,  and  the  child  could  be  nursed 
again. 

In  the  Gazette  Hebdomadaire^  of  January  16,  1857,  we 
find  the  following  case  of  Becquerel : 

A  healthy  but  nervous  woman,  of  twenty-seven  years  of 
age,  had  been  nursing  six  months,  having  always  a  full  sup- 
ply of  milk.    In  consequence  of  violent  and  repeated  mental 

1  See  Annales  de  I'l^lectrieit^,  1860,  page  149. 

2  Lancet,  ii.,  September  9,  1859. 

3  L'Union  Medicale,  1857,  No.  9. 

*  See  L'Union  Medicale,  September,  1865,  No.  116. 
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emotions,  the  secretion  of  milk  was  reduced  to  a  minimum 
in  the  left,  and  completely  suspended  in  the  right  breast. 
It  was  resolved  to  bring  up  the  child  with  the  bottle.  The 
child,  however,  did  not  thrive,  and  its  health  suffered.  Bec- 
querel  now  tried  to  stimulate  the  left  breast  (in  which,  for 
eight  days,  hardly  a  trace  of  milk  was  left)  to  increased  se- 
cretion, by  allowing  a  mild,  rapidly-interrupted  current  to 
act  by  means  of  wet  conductors,  placed  alternately  on  dif- 
ferent portions  of  the  breast.  After  the  first  application, 
which  caused  some  inconvenience,  but  no  pain,  the  lacteal 
secretion  began  anew.  After  the  third,  it  flowed  so  freely 
as  to  be  sufficient  for  the  further  nourishment  of  the  child. 
The  right  gland  secreted  less,  but,  the  whole  amount  being 
sufficient,  electricity  was  no  more  employed. 

Similar  cases  have  been  published  by  Moutard-Martin 
and  Lardeau,^  by  Descivieres,^  and  others. 


CHAPTEE    II. 


THE  EMPLOYMENT  OF  ELECTRICITY  IN  MIDWIFERY  AND 
GYNECOLOGY. 

The  employment  of  electricity  in  midwifery  dates  from 
Bertholon  and  W.  G.  Herder,  the  latter  of  whom  recom- 
mended contact  electricity  as  a  remedy  for  absent  labor- 
pains.^  They  were  followed  by  Basedon,  Stein,  and  afterward 
Kilian,  who  constructed  for  this  purpose  his  "  galvanic  ob- 
stetrical forceps,"  consisting  of  two  metals.  Dr.  Hoeniger, 
of  Zyly,  and  Jacoby,  of  Keustadt,*  first  used  the  induction 
electricity  for  the  excitement  of  labor-pains.  In  our  own  day, 
Benj.  Frank  is  the  only  German  physician  who.  to  our  knowl- 
edge, has  thus  employed  electricity ;  of  English  physicians, 

'  Gaz.  des  Hopitaux,  1859,  No.  60. 

2  Gaz.  des  Hopitaux,  1861,  No.  53. 

2  See  his  Practical  Contributions  for  the  Extension  of  Obstetrics,  1803. 

^  See  Zeitschrift  fUr  Geburtshiilfe,  vol.  xvi.,  page  423.     Berlin,  1844. 
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however,  there  are  Radford/  Dorrington,  Johnson,  "Wilson, 
Mackenzie,  Tyler  Smith,  Dempsey,  Barnes,  Honghton,  etc., 
who  all  used  electricity  as  an  excito  -  motor  stimulant  in 
cases  in  which,  the  pelvis  being  normal,  there  existed  dy- 
namic disturbances,  depending  on  an  absence,  weakness,  or 
perverse  action  of  the  expelling  power,  or  where  long-con- 
tinuing fits  of  fainting,  or  eclampsic  accidents,  necessitated  a 
rapid  termination  of  the  delivery,  or  where  haemorrhages, 
caused  either  by  placenta  praevia  or  asthenia  of  the  uterus, 
required  as  early  a  termination  of  the  birth  as  possible,  or  an 
immediate  contraction  of  the  womb  afterward,  or,  finally 
(Barnes),  where  paralysis  of  the  uterus  took  place  in  conse- 
quence of  the  employment  of  chloroform. 

Thus  Dempsey  ^  mentions  a  case  where,  the  pelvis  being 
normal,  labor  had  lasted  for  thirty  hours,  the  very  weak  con- 
tractions having  entirely  ceased  for  three  hours,  and  the  pa- 
tient, with  short  intervals,  been  in  a  fainting  condition  for 
two  hours.  Here  the  first  application  of  the  induction  current, 
continued  for  about  ^ve  minutes,  was  followed  by  drawing- 
pain  in  the  small  of  the  back ;  the  second,  repeated  after  five 
•minutes,  caused  energetic  contractions  of  the  uterus ;  and, 
after  forty  minutes,  during  which  time  the  current  was  em- 
ployed in  this  manner  four  times,  for  -^ve  minutes,  a  live, 
healthy  child  was  bom.  Ergot  had  been  previously  in  vain 
administered  in  large  doses. 

Benj.  Frank '  mentions  a  woman,  thirty-eight  years  of 
age,  who  had  been  confined  successfully  seven  times  and 
aborted  twice,  in  whom  again,  in  consequence  of  a  fall  on 
the  nates,  in  the  fifth  month  of  pregnancy,  abortion  had  taken 
place,  followed  by  a  considerable  loss  of  blood.  The  uterine 
contractions  were  entirely  suspended ;  the  patient,  aroused 

»  See  Froriep's  Notices,  1845,  No.  729,  and  1846,  No.  789. 

2  See  Lawrence  on  the  Application  and  Effect  of  Electricity  and  Galvanism. 
Loudon,  1853,  page  53. 

3  Magnet-Electricitat  ziir  Beforderung  der  Geburtsthatigkeit.  Neue  Zeitung 
fur  Geburtskunde,  1846,  Band  ii..  Heft  ii.,  page  370. 
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from  a  fainting-fit  by  sulphuric  ether,  was  bathed  in  blood, 
looking  more  dead  than  alive.  The  pulse  was  small,  and 
could  not  be  counted;  the  uterus  soft  below  the  navel,  and 
still  of  considerable  circumference,  and  but  loosely  connected 
with  the  cord.  After  the  application  of  the  induction  cur- 
rent for  several  minutes,  a  strong  pain  ensued,  the  uterus 
contracted,  and  the  bleeding  ceased.  At  intervals  of  from 
five  to  ten  minutes,  the  labor-pains  returned;  without  re- 
quiring the  further  use  of  the  apparatus,  the  patient  revived, 
and,  after  half  an  hour,  Frank  was  able  to  remove  the  pla- 
centa, causing  but  a  slight  loss  of  blood. 

F.  W.  Mackenzie^  has  stopped  bleeding,  in  three  cases 
of  nfetrorrhagia,  through  the  application  of  the  electric  cur- 
rent. In  the  first  case,  where  a  dangerous  bleeding  was 
maintained  by  the  incomplete  removal  of  the  ovum,  defying 
every  known  remedy,  the  use  of  electricity  caused  a  rapid 
expulsion  of  the  remaining  portions  of  the  ovum,  and  an 
immediate  stoppage  of  the  blood.  In  the  second  case, 
where,  in  consequence  of  placenta  praevia,  several  dangerous 
haemorrhages  had  taken  place  before  the  beginniiig  of  de- 
livery, a  continued  current,  applied  for  six  hours,  prevented 
not  only  every  loss  of  blood,  but  facilitated  also  the  opening 
of  the  OS,  allowing  a  rapid  and,  for  the  mother,  safe  termi- 
nation of  the  confinement.  In  the  third  case,  where  placenta 
praevia  necessitated  a  speedy  delivery,  on  account  of  haemor- 
rhage, the  same  method  was  employed  for  three  hours.  The 
bleeding  ceased,  and  the  confinement  went  on  so  rapidly  that 
a  live  child  was  born  after  a  few  hours. 

Hadford  ^  believes  he  has  met  with  good  results  from  the 
use  of  electricity  in  cases  of  hour-glass  contractions  of  the 
womb. 

According  to  the  above-mentioned  observers,  electricity 
fulfils  in  general  the  same  indications  as  ergot,  and,  accord- 
ingly, is  only  to  be  employed,  like  it,  after  the  membranes 

*  Gaz.  Hebdomadaire,  du  2  Avril,  1857,  No.  14,  page  250. 
^  See  The  Lancet,  1853,  vol.  ii.,  No.  xxii.,  page  500. 
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are  broken ;  it  has,  however,  the  following  advantages  over 
that  remedy :  1.  Electricity  acts  certainly ;  ergot  is  frequent- 
ly uncertain.  2.  Its  action  ensues  immediately  after  its  use ; 
that  of  ergot  does  not  take  place  for  a  longer  or  shorter  pe- 
riod afterward.  3.  The  strength  of  the  electric  current  can 
be  adapted  to  the  degree  of  existing  irritability,  while  the 
necessary  dose  of  ergot  can  only  be  approximately  determined. 
4.  The  contractions  produced  by  the  electric  current  are 
more  energetic  and  equal  in  their  direction  to  the  normal 
contractions,  while  the  use  of  ergot  is  frequently  followed 
by  irregular,  spasmodic  contractions,  placing  the  life  of  the 
child  in  danger.  5.  The  administration  of  ergot  has,  ac- 
cording to  the  experience  of  Ramsbotham,  Wright,  and 
Barnes,  frequently  an  injurious  influence  on  the  new-born 
child ;  thus  Barnes  saw,  in  four  cases,  in  which  the  birth 
was  accomplished  through  ergot,  the  children  die  from  con- 
vulsions after  a  few  hours.  6.  Electricity  can  be  employed, 
even  in  the  most  extreme  cases,  in  which  swallowing  is  im- 
paired, every  medicine  ejected  from  the  stomach,  and  every 
mechanical  interference  in  the  uterus,  introduction  of  the 
hand,  etc.,  contraindicated  on  account  of  the  great  irritabili- 
ty. Y.  Electricity  does  not  exclude  the  simultaneous  em- 
ployment of  other  remedies.  In  opposition  to  the  above- 
mentioned  authors  are  Simpson  and  Scanzoni  (perhaps  in 
consequence  of  an  unsuitable  method),  who  consider  the 
employment  of  electricity  in  feeble  contractions  and  uterine 
haemorrhage  useless,  thus  leaving  this  question  still  open  for 
a  final  decision. 


Benj.  Frank  and  Golding  Bird,  the  latter  especially,  in 
consideration  of  some  cases,  in  which  he  brought  on  an  unde- 
signed abortion,  through  the  influence  of  the  electric  current, 
in  a  supposed  suppressio  mensium,  believe  the  use  of  the 
electric  current,  for  inducing  premature  artificial  labor,  to 
be  especially  indicated  in  those  cases  in  which  the  os  has 
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been  dilated  by  means  of  sponge-tents,  or  through  other 
methods. 

Dempsey  used  the  electric  current  for  this  purpose  in  a 
case  where  he  desired  to  induce  premature  labor  at  the  end 
of  the  seventh  month,  on  account  of  narrow  pelvis.  After 
having  perforated  the  ovum,  and  waited  for  fortj-eight  hours 
for  the  appearance  of  labor-pains,  he  used  the  current  three 
times,  for  ^ye  minutes,  at  an  interval  of  ten  minutes,  until 
a  mild  and  transient  pain  took  place.  I^o  labor -pains 
ensuing,  in  spite  of  this,  he  returned,  after  half  an  hour,  to 
the  same  method,  and  electrified  three  times,  with  the  same 
intervals.  'Now  regularly-returning  pains  ensued,  delivery 
progressed  normally,  and  was  terminated  eight  hours  after 
the  beginning  of  the  operation. 

Berryman*  used  the  same  method  at  the  end  of  the 
eighth  month,  in  a  woman  with  narrow  pelvis.  After  having 
tried  in  vain  to  sever  the  membranes  of  the  ovum  from  the 
uterine  walls  with  the  sound,  and  having  also,  with  the  same 
result,  after  two  days,  introduced  a  flexible  male  catheter, 
and  kept  it  inside  for  an  hour,  he  resorted,  after  five  days, 
to  the  induction  current.  Contractions  of  the  womb  im- 
mediately followed,  producing  the  easy  delivery  of  a  live 
child. 

Concerning  the  method  itself,  one  conductor  is  usually 
applied  to  the  sacral  region  or  the  fundus  uteri,  while  the 
other,  furnished  with  a  vaginal  conductor,'*  is  introduced, 
through  the  vagina,  to  the  os.  Barnes  advises,  instead,  to 
apply  a  conductor  to  either  side  of  the  lower  abdominal  re- 
gion. According  to  the  experiments  of  Mackenzie,"  the  ac- 
tion of  the  current  on  the  uterine  fibres  would  ensue  soonest 
by  passing  the  current  from  an  upper  segment  of  the  spinal 

^  Galvanism  in  Effecting  Premature  Labor.  Edinburgh  Med.  Jour.  1862. 
December. 

^  See  the  engraving  in  the  Neue  Zeitung  fiir  Geburtskunde,  Bd.  xxi,,  Heft  iii., 
Table  1,  Figure  3. 

3  See  page  8%.^ 
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column  transversely  through  the  uterus.  As  the  writings  of 
the  different  authors  vary  from  each  other,  it  will  be  necessa- 
ry to  decide  through  an  experiment  in  every  individual  case, 
and  it  will  be  best,  after  having  moistened  the  abdominal 
walls  thoroughly,  to  pass  a  strong  current  of  the  induction 
apparatus  from  the  fundus  uteri  to  the  region  over  the  sym- 
physis. 


Lately  electricity  has  been  very  favorably  employed  for  the 
resuscitation  of  new-born  children,  apparently  dead.  Upon 
the  recommendation  of  Hufeland,  Struve,  Marshall  Hall, 
and  Underwood,  Gottbold  Scholz  ^  first  made  more  extensive 
experiments  with  electricity,  and  ascertained,  as  the  result, 
that  no  other  agency  was  able  to  revive  the  extinguishing 
spark  of  life  as  rapidly  and  safely  as  the  cautiously-used  elec- 
tric current.  Scholz's  method  consisted  in  placing  one  con- 
ductor on  the  neck  and  the  other  on  the  place  of  insertion 
of  the  diaphragm,  or  the  apex  of  the  heart.  The  same  re- 
sult may  be  obtained,  in  a  more  simple  and  suitable  manner, 
through  the  faradization  of  the  phrenic  nerves  (see  page  429). 
Pernice '  used  this  method  in  five  cases  of  apparent  death,  of 
which  two  failed,  but  three  resulted  perfectly  satisfactorily, 
inasmuch  as  respiration  was  established  and  life  continued. 
The  following  is  the  first  of  Pernice's  cases : 
After  regular  labor-pains  had  taken  place  till  six  p.  m., 
dilating  the  os  till  eight  p.  m.,  to  the  size  of  a  silver  dollar, 
the  water  escaped.  After  a  short  pause,  powerful  contrac- 
tions propelled  the  head  to  the  floor  of  the  pelvis,  but  were 
unable,  for  five  hours,  to  overcome  the  resistance  offered  to 
the  soft  parts,  by  reason  of  the  large  size  of  the  head.  On 
account  of  the  decrease  of  the  frequency  of  the  foetal  pulse, 
the  forceps  was  applied,  at  half-past  one  a.  m.,  and  the  head 

'  Bemerkungen  iiber  die  Eintheilung  des  Scheintods  der  Neugebornen, 
Guensburg's  Zeitschrift,  Bd.  ii.,  pages  16-35. 

'  Greifswalder  Medicinische  Beitraege,  Bd.  ii.,  page  1,  et  seq. 
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delivered.  The  child,  weighing  nearly  nine  pounds,  was  ap- 
parently perfectly  dead,  relaxed,  the  body  pale,  with  the  ex- 
ception of  the  brow  and  the  vertex,  which  latter  was  covered 
by  a  considerable  swelling.  'No  palpitation  of  the  cord  was 
felt ;  the  sounds  of  the  heart  feeble  and  rare ;  cutaneous  irri- 
tation gave  no  result  whatever.  The  induction  apparatus 
was  then  applied.  After  several  attempts,  he  succeeded  in 
striking  the  phrenic  nerve  on  both  sides,  and  in  causing  a 
contraction  of  the  diaphragm ;  a  second  contraction  was 
effected  after  about  two  minutes.  The  child  was  then  placed 
in  a  warm  bath,  and  faradization  repeated  after  a  few  min- 
utes. After  the  current  was  applied  ten  times — consequently 
in  about  from  one-half  to  three-fourths  of  an  hour — the  first 
independent  inspiratory  motion  ensued,  which  was  repeated 
after  a  short  time.  Irritation  of  the  skin  now  proved  bene- 
ficial, and  was  employed  till  the  complete  revival. 


The  employment  of  electricity  has  also  met  with  some 
success  in  gynecology.  Thus,  for  instance,  a  case  is  reported 
by  B.  Dempsey,  from  the  practice  of  Tyler  Smith,  in  which 
a  uterine  polypus,  the  pedicle  of  which  could  by  no  means 
be  reached  by  the  operator,  was,  in  consequence  of  the  con- 
tractions induced  by  the  electric  current,  expelled  sufficiently 
to  make  it  easily  accessible  to  the  ligature,  which  done,  the 
polypus  was  removed  without  difficulty. 

Another  case  was  that  of  a  woman  of  forty-two  years  of 
age,  who  had  aborted  three  times,  and  borne  eight  children. 
The  menses  had  again  ceased  for  six  months.  At  first  occa- 
sionally, and  in  the  later  periods  continually,  a  bloody  flow 
took  place  from  the  vagina.  For  two  months  the  patient 
experienced  a  severe  burning  pain  in  the  abdomen ;  in  the 
last  week  anasarca  of  the  legs  rendered  her  condition  very 
deplorable.  An  increased  bleeding  surpervening,  it  was  re- 
solved to  immediately  induce  delivery.     The  examination 
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proved  the  presence  of  a  tumor,  resembling  the  pregnant 
uterus,  situated  more  in  the  right  side,  and  extending  to 
the  navel,  being  firm  and  elastic,  and  tender  on  pressure. 
Neither  placental  murmur  nor  foetal  pulse  could  be  heard. 
The  OS  was  open  to  the  extent  of  a  shilling,  the  breasts  were 
relaxed.  Consequently,  the  diagnosis  was — a  dead  foetus,  or 
a  diseased  ovum.  After  the  application  of  the  electric  cur- 
rent, a  number  of  hydatids  were  evacuated,  followed  soon 
afterward,  and  also  the  next  day,  by  a  still  larger  quan- 
tity. ^ 

Finally,  the  electric  current  has  been  used  especially  by 
the  French  physicians  Beuvain,  Fano,  Tripier,  Beau,  and 
others,  for  the  removal  of  chronic  swellings  of  the  uterus,  and 
its  subsequent  descent  and  dislocation — observations  worthy 
to  be  investigated,  in  consideration  of  the  evils  so  frequently 
following  the  use  of  the  sound,  and  other  means  usually  em- 
ployed against  flexions.  Thus,  Fano  ^  reports  the  following 
case: 

Mrs.  K.,  aged  twenty-nine  years,  mother  of  several 
children,  experienced,  for  eight  months,  a  feeling  of  heavi- 
ness in  the  abdomen,  pains  in  the  right  inguinal  region,  and 
numbness  in  the  right  leg.  She  also  suffered  from  pain  in 
the  renal  region,  and  leucorrhoea,  but  had  neither  constipa- 
tion nor  dysuria.  The  examination  showed  anteflexion  of 
the  uterus.  An  electric  current  was  employed  for  -^ye  min- 
utes, by  placing  one  pole  on  the  hypogastrium,  the  other 
being  applied  to  the  coUum  uteri.  The  patient  felt  a  tick- 
ling sensation,  and  noticed  something  rising  in  the  abdomen; 
immediately  after  the  application,  the  anteflexion  seemed  to 
be  diminished  and  the  pain  lessened.  During  the  next  ap- 
plication, made  the  following  day,  the  patient  felt  as  if  some- 
thing was  moved  from  the  right  inguinal  region,  to  the 
hypogastrium ;  pain  and  leucorrhoea  were  stronger  the  fol- 
lowing day,  but  the  examination  made  on  the  day  after 
showed  the  anteflexion  to  be  reduced.     With  this,  the  pain 

1  L'Union  med.,  1859,  page  134. 
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and  the  numbness  of  the  right  lower  extremity  disappeared, 
and  the  patient  was  permanently  relieved. 

Beiivain  ^  obtained  a  no  less  happy  result  in  the  follow- 
ing case : 

Mrs.  R.,  aged  twenty-six  years,  mother  of  three  children, 
suffered,  for  four  years,  from  a  descensus  uteri,  and  chronic 
swelling,  with  ulcerations,  against  which  neither  local  deple- 
tions, nor  emollient  injections,  nor  the  application  of  the 
caustic  for  weeks,  were  of  any  avail.  Then,  Beuvain  directed 
a  galvanic  current,  generated  of  four  elements  of  Bunsen, 
against  the  granulations  and  ulcerations."  After  this  painless 
operation  was  repeated  five  times,  free  menstruation  took 
place  without  giving  her  any  inconvenience,  and  when  this 
had  ceased,  the  granulations  and  ulcerations  were  removed, 
and  a  clean,  healthy  surface  left  in  their  place.  In  order  to 
raise  the  descended  womb,  Beuvain  then  used  the  induction 
electricity  for  four  months,  with  so  favorable  a  result  that 
the  patient  was  able  to  walk  great  distances  without  any 
uterine  support.  All  the  other  symptoms  of  disease  had 
also  disappeared,  and  did  not  again  return,  as  Dr.  Beuvain 
was  afterward  informed." 


CHAPTER  III. 

THE  USE   OF  ELECTRICITY  IN  SURGERY. 

A  TREBLE  use  has  been  made  in  surgery  of  electricity,  by 
employing  it :  1.  For  the  purpose  of  producing  heat.  2. 
Causing  chemical  effects.     3.  As  a  means  of  stimulation. 

I.    ELECTRICITY   FOR   THE   GENERATION   OF   THERMIC    EFFECTS. 

Although  the  thermic  action  of  the  continued  current 
has  been  known  for  a  long  time — it  being  also  known  that 

1  Annales  de  I'^lectricite  M6d.,  1860,  page  43. 
*  See  chapter  iii.,  section  ii. 

2  On  the  operation  for  uterine  polypus,  see  page  S91,et  seq. 
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the  degree  of  heat  did  not  depend  on  the  number  but  on  the 
extent  of  surface  of  the  metal  plates,  and  that,  accordingly, 
only  one  single  pair,  of  very  large  surface,  was  necessary  for 
the  heating  of  metal  wires ;  that,  in  this  manner,  a  degree  of 
temperature  could  be  generated,  such  as  was  produced  by 
no  other  medium,  the  blow-pipe  excepted — ^yet  the  employ- 
ment of  electricity  for  surgical  purposes  made  but  slow 
progress.  It  was  Middeldorpf  who  recently  succeeded, 
through  the  improvement  of  existing  and  the  invention  of 
new  methods,  in  placing  galvano-causty  on  a  scientific  basis, 
and  securing  for  it  a  permanent  footing  in  surgery.  Con- 
cerning his  predecessors,  Heider,'  prompted  mainly  by 
Steinheil,  conceived,  in  1843,  the  idea  of  killing  the  nerves 
of  the  dental  pulp,  by  means  of  the  electric  heated  wire. 
He  employed  this  method  in  July,  1845,  in  such  a  manner  as 
to  insert  between  the  two  conducting  wires  of  a  very  large 
Grove's  element,  which  could,  through  a  simple  mechanism, 
be  united  and  separated,  a  fine  platina  wire,  bent  in  the 
form  of  a  loop.  He  then  introduced  this  platina  wire  cold, 
the  circuit  being  opened  into  the  proper  dental  cavity,  heated 
it  through  the  closing  of  the  circuit,  and  withdrew  it,  after  a 
few  seconds,  again  cold.  Gustav  Crussel,  the  inventor  of 
electrolysis,  must  also  be  mentioned,  as  among  the  first  who 
appreciated  the  advantage  of  the  electric  cautery,  by  using, 
in  1846,  the  electric  heated  wire  for  the  removal  of  a  large 
fungus  haematodes,  situated  in  the  frontal  and  ocular  region  ; 
and,  finally,  John  Marshall,  who,  in  November,  1850,  de- 
stroyed fistulas  in  a  similar  manner. 

By  this  method  it  was,  however,  only  possible  to  heat  a 
platina  wire,  or  a  platina  point,  and  consequently  to  act  but 
on  a  small  surface  at  the  same  time.  Dr.  Ellis  ^  succeeded, 
through  the  following  ingenious  method,  in  rendering  pos- 
sible the  action  on  a  larger  surface,  and  thus  in  contriving  k 
modus  operandi  which  he  employed  successfully  for  the 

^  Zeitschr.  de  Wiener  Aertze,  Maerz,  1846. 

2  See  the  Lancet,  1853,  vol.  ii.,  No.  xxii.,  page  502. 
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cauterization  of  the  neck  of  tlie  uterus,  in  ulcerations,  chronic 
inflammations,  etc.  Taking  a  thick,  straight  silver  catheter, 
he  cut  off  the  upper  portion,  and  slit  open  the  remaining 
end,  thus  adapting  it  for  the  reception  of  a  porcelain  button. 
Two  isolated  wires  run  in  this  catheter,  connected  on  one 
end  with  the  poles  of  a  Grove's  battery  of  four  to  five  pairs, 
and  on  the  other  end  with  a  platina  wire  wound  several 
times  around  the  porcelain  button,  and  heating  it  to  a  white 
heat.  After  introducing  a  glass  speculum,  the  porcelain 
button  is  applied  for  a  longer  or  shorter  period  to  the  affect- 
ed part,  which  first  is  cleansed  by  means  of  a  pledget  of  lint. 
If  we  now  turn  to  the  operations  of  Middeldorpf  ^  in  this 
department,  we  find,  above  all,  that  they  are  due  to  the 
greatly  improved  apparatus  for  galvano-caustic  purposes,  as 
well  on  the  source  of  heat  as  on  the  instrument  used  for 
heating.  Concerning  the  source  of  heat,  Middeldorpf  em- 
ploys the  battery  described  and  represented  on  page  101. 
For  cauterization  itself,  he  uses  burners,  cutting-loop,  and 
heated  wire.^  The  burners  are  usually  constructed  in  the  fol- 
lowing manner  :  Two  gilt  copper  wires  rui;  through  a  piece 
of  ebony,  connected  on  their  lower  ends  with  the  conducting 
wires  of  a  battery,  but  receiving  on  their  upper  ends  a  thin 
piece  of  platina  of  different  shape,  according  to  the  different 
use.  One  wire  is  cut  obliquely  within  the  wooden  handle, 
springlike,  and  at  the  distance  of  about  \"'  upward,  and  can 
be  connected  with  the  other  segment  by  means  of  a  slide, 
thus  closing  the  circuit.  In  the  dome-shaped  burner  the  two 
wires  protrude  3f' ''  from  the  handle,  run  along  each  other 
without  being  in  actual  contact,  and  receive  in  front  the 
thin  piece  of  platina,  five  millimetres  broad.  In  the  porce- 
lain burner,  a  thin-walled,  hollow  porcelain  cap  is  used  in- 
stead of  the  thin  platina  plate,  which  is  heated  by  a  platina 
wire  wound  around  it.  The  burners  used  for  the  destruction 
of  the  lachrymal  duct,  or  for  the  cutting  of  strictures,  are 

'  See  Middeldorpf,  die  Galvanocaustic,-  ein  Beitrag  zur  operativen  Medicin. 
Breslau,  1854. 


THE  GALVANIC  CAUTERY.  463 

straight  or  bent,  and  covered  at  their  point  by  a  small  piece 
of  elastic  catheter  during  their  introduction  or  withdrawal. 
In  the  galvano-caustic  cutting-loop,  the  most  important  in- 
strument, the  wire  is  passed  through  well-conducting,  but 
isolated  tubes,  allowing  the  protruding  end  to  become  heated ; 
it  is  moved  by  a  wheel  in  the  tubes,  making  it  possible  to  shape 
the  loop  to  every  desired  size.  The  heating  wires  are  made 
of  platina,  and  are  introduced  into  tumors,  or  drawn  through 
fistulas,  by  means  of  a  perforated  sound  or  by  needles. 

The  following  are  the  morbid  conditions  in  which  the 
galvano-caustic  has  been  used  by  Middeldorpf  with  extraor- 
dinary results:  1.  Haemorrhages  requiring  the  deep  and 
energetic  cauterization  of  large  surfaces ;  bleeding  from 
medullary  carcinoma.  2.  ITeuralgia,  when  small  and  re- 
stricted portions  of  tissue  can  be  acted  upon  easily  and  safely 
by  means  of  this  instrument.  3.  Ulcers  on  the  neck  of  the 
uterus  difficult  to  be  approached.  4.  Carcinomatous  tumors 
when  it  is  desired  to  avoid  the  danger  of  bleeding.  5.  Fis- 
tulas which  may  be  either  :  a.  Cauterized  thoroughly  (lachry- 
mal, parotidean,  dental-vesicular,  recto-vaginal,  vesico-vagi- 
nal,  urinary,  etc.),  or,  h.  By  cauterizing  the  surrounding  parts 
alone,  or, with  the  opening  at  the  same  time,  thus  causing  a 
cicatricial  contraction,  and  their  subsequent  closing  (minute 
fistulae  of  the  parotis,  of  the  salivary  duct,  etc.),  or,  c.  By 
cutting  through  the  fistulae  (intestinal,  recto-vaginal  fistulae). 
6.  Strictures  of  the  urethra  where,  in  the  anterior  portion 
of  the  penis,  only  the  finest  bougies  can  be  introduced,  and 
requiring,  at  the  same  time,  the  destruction  of  the  stricture 
callus.  7.  Polypi  in  general,  but  especially  if  they  are  at- 
tached, difficult  of  access,  or  entirely  inaccessible  through  the 
surgeon's  knife  (uterine,  laryngeal,  naso-pharyngeal  polypi, 
etc.).  8.  Pediculated  tumors  of  the  larynx,  protruding  from 
the  larynx  into  the  pharynx,  having  a  sufficiently  large 
body,  and  not  connected  with  the  glottis.  9.  Prolapse  of 
the  uterus,  or  the  anterior  vaginal  wall,  etc.,  where  the  em- 
ployment of  the  dome-shaped  burner  narrows  permanently 
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the  vagina  tlirougli  inflammation,  suppuration,  and  cicatri- 
cial contraction. 

We  here  give  the  history  of  the  case  which  spread  most 
extensively  the  fame  of  galvano-causty,  and  established  it 
permanently  by  rendering  a  successful  operation  possible  in 
a  case  in  which  no  other  operative  method  could  be  em- 
ployed. 

A  minister,  aged  forty-two  years,  heretofore  healthy, 
had  been  suffering,  for  two  years,  from  an  increasing  diffi- 
culty in  swallowing,  and  from  hoarseness.  He  occasion- 
ally, while  coughing,  threw  up  small  pieces  of  flesh,  and 
finally  he  noticed  behind  the  epiglottis  a  roundish  substance, 
which  his  physician  supposed  to  be  a  polypus.  Middeldorpf 
examined  the  patient,  and  found  the  following :  Inspiration 
audible,  expiration  pretty  free,'  voice  absent,  swallowing 
impaired.  If  the  patient  opened  the  mouth  and  put  out 
the  tongue,  there  was  observed  in  the  bottom  of  the  nor- 
mally-reddened pharynx-  the  slightly-injected  white-yellow- 
ish epiglottis,  and  close  behind  a  pale-red  swelling  of  a  dirty, 
sulphur-yellow  appearance,  covered  by  the  shining  and  par- 
tially-excoriated mucous  membrane,  about  as  large  as  a  wal- 
nut, projecting  about  3'''  over  the  deepest  portion  of  the 
middle  fissure  of  the  epiglottis,  and  approaching  the  pha- 
rynx posteriorly.  After  examining  the  expectorated  piece 
under  the  microscope,  the  diagnosis  was  "  a  carcinoma  origi- 
nating in  the  upper  laryngeal  region,  above  the  superior 
thyro-arytenoid  cartilage,  which  grew  up  to  the  superior 
aperture,  and  then  expanded  laterally."  The  prognosis  was 
doubtful,  the  treatment  difficult.  On  May  20, 1853,  Middel- 
dorpf performed  the  operation  in  the  following  manner: 
The  patient  sat  on  a  chair,  leaning  with  his  head  against 
the  breast  of  an  assistant ;  the  battery  was  placed  on  a  table 
behind,  held  in  readiness  by  the  assistant,  to  be  closed  any 
moment.  The  platina-loop,  being  about  one  and  a  half  inch 
in  diameter,  had  a  circumference  of  about  a  silver  dollar. 
The  handle  of  the  instrument  being  seized  with  the  left  hand. 
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and  the  index  and  middle  fingers  of  the  right  passed  through 
the  loop,  and  separated  from  each  other  as  far  as  possible,  an 
attempt  was  made  to  pass  the  loop,  with  a  rapid  movement, 
over  the  polypus.  With  a  violent  retching  and  involuntary 
closing  of  the  jaws,  the  polypus  and  larynx  receded  three 
times,  necessitating  the  prompt  withdrawal  of  the  hand. 
Finally,  the  tongue,  and  with  it  the  latynx,  were  fixed  with 
Museux's  hooked  forceps,  the  canula  passed  down  between 
the  swelling  and  the  larynx — the  retching  still  continuing — 
the  loop  adjusted,  tightened,  and  the  battery  closed,  and,  after 
a  few  turns  of  the  wheel,  the  tumor  (weighing  140  gr.,  44 
millim.  broad,  20  millim.  thick,  and  21  millim.  high)  was 
severed,  and  lying  loose  in  the  throat,  permitting  its  removal 
with  the  finger.  The  wire  was  broken.  The  operation  caused 
scarcely  any  pain ;  ice-water  was  administered  and  easily 
swallowed,  respiration  was  free  and  inaudible,  the  voice  loud 
and  perceptible,  although  a  little  hoarse.  The  examina- 
tion with  the  finger  showed  the  pedicle  to  have  been  cut  ofi" 
smoothly,  on  a  level  with  the  walls  of  the  larynx,  without 
injuring  the  epiglottis. 

Concerning  the  employment  of  the  galvano-caustic 
method  in  preference  to  the  knife,  the  following  are  the 
advantages  of  the  former :  1.  The  condition  of  the  pa- 
tient is  never  rendered  dangerous  by  its  use.  2.  It  is  but 
slightly  painful  during  and  after  the  operation.  3.  In  no 
case'  is  the  operation  followed  by  haemorrhage,  as  all  the 
vessels  supplying  the  tumor  are  swiftly  and  effectively  de- 
stroyed. .4.  The  method  can  often  be  employed  usefully  on 
parts  which  are  not  accessible  to  the  knife  of  the  surgeon 
on  account  of  their  position  and  extension ;  a  wire  can  be 
introduced  into  the  nose,  pharynx,  oesophagus,  larynx,  etc. 
5.  It  frequently  preserves  parts  which  would  have  to  be  re- 
moved in  operating  with  the  knife.  6.  It  is  especially  valu- 
able in  those  cases  where  the  cauterization  of  the  wound  is 
indicated  after  the  operation. 

The  electric  cautery  offers  the  following  advantages  for 
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the  liot  iron,  the  rival  of  which  electricity  also  becomes  in 
the  above-mentioned  manner:  1.  It  does  not  frighten  the 
patient  with  any  preliminary  preparations.  2.  The  success 
is  surer,  because  the  wire  is  not  heated  till  applied  to  the 
place  to  be  operated  upon,  thus  preventing  a  loss  of  tempera- 
ture through  previous  cooling.  3.  The  patient  is  protected 
against  any  injury  by  either  its  introduction  or  withdrawal. 
4.  As  the  heat  is  generated  only  at  the  point  of  union  of 
both  electrodes,  it  is  possible  to  introduce  the  electric  cau- 
tery into  deep  cavities,  without  affecting  any  surrounding 
tissue,  which  can  hardly  be  avoided  with  the  common  hot 
iron.  5.  The  platina  point  being  very  small,  the  loss  of 
substance,  and  accordingly  the  subsequent  cicatrix,  is  like- 
wise comparatively  small. 

As  disadvantages  of  the  galvano-cautery,  Middeldorpf 
mentions ;  1.  The  cost  of  the  apparatus.  2.  The  easy  melt- 
ing of  the  wire,  unless  it  lies  on  soft  parts  along  its  whole 
extent.  3.  The  breaking  of  the  wire  during  the  cutting,  as 
well  as  its  crossing,  thus  preventing  the  heating  above  the 
crossing-place ;  the  last-mentioned  facts,  however,  can  easily 
be  avoided  with  proper  attention  and  skill. 

Since  the  publication  of  Middeldorpf 's  works,  many  expe- 
riments have  been  made  with  the  galvano-cautery,  especially 
in  Yienna  and  Paris.  Zsigmondi  *  is  prominent  in  having 
made  a  large  series  of  galvano-caustic  operations,  which  led 
him  to  the  following  conclusions :  This  method  of  operation 
is  of  practical  value :  1.  On  account  of  its  haemostatic  action 
on  one  side  in  parenchymatous  haemorrhage,  and  bleeding 
in  places  difficult  of  approach ;  on  the  other  side,  in  patients 
of  a  hsemorrhagic  or  anaemic  condition,  where  every  loss  of 
blood  must  be  avoided.  2.  Through  the  use  of  its  caustic 
effect  for  the  destruction  of  organic  formations,  especially 
where  an  energetic  action  is  required  in  small  and  deep- 

^  Die  galvanocaustische  Operationsmethode  nach  eigenen  Erfahrungen  und 
mit  besonderer  Rucksicht  auf  "  Middeldorpfsche  Galvanocaustie."  Wiener 
Med.  Wochenschrift,  1858  und  1859. 
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lying  points.  3.  Through  the  employment  of  its  ligatm-e- 
like  action  in  many  operations  for  the  removal  of  polypi,  es- 
pecially in  such  cases  allowing  heretofore  only  ligation  on  ac- 
count of  want  of  space,  a  high  place  of  insertion,  or  for  other 
reasons.  The  last-mentioned  effect  has  especially  given  a 
permanent  place  to  the  use  of  the  galvano-cautery  in  surgery, 
whenever  a  polypus  is  situated  in  the  pharynx,  posterior 
nares,  larj' nx,  and  oesophagus,  in  which  the  electrically  heated 
wire  insures  the  patient  against  bleeding,  removes  the  danger 
of  suffocation,  in  consequence  of  the  tumefaction  of  the  poly- 
pus, and  renders  unnecessary,  in  some  cases,  the  opening  of 
the  respiratory  tract.  Thus,  among  others,  Neumann  and 
Semeleder '  operated  with  the  galvanic  cautery  on  a  tumor 
the  size  of  a  hen's  egg,  arising  from  the  base  of  the  skull ; 
for  the  removal  of  uterine  polypi  and  other  gynecological 
operations,  this  method  has  been  recommended  by  Braun ' 
and  Yon  Gruenewald.^ 

If  the  galvanic  cautery  has  not  been,  on  the  w^hole,  em- 
ployed as  extensively  as  could  be  expected  after  its  introduc- 
tion into  the  profession,  the  fault  lies  in  part  in  the  costliness 
of  the  necessary  apparatus,  in  the  technic  difficulties  of 
management  requiring  a  careful  course  of  preparation,  and, 
finally,  in  its  deficiency  preventing  us  from  keeping  the  wire 
every  moment  at  a  temperature  necessary  to  avoid  its  melt- 
ing or  breaking.  The  first-mentioned  evil  is  remedied  by 
the  very  cheap  apparatus  of  Stoehrer  (see  page  102) ;  the  latter 
seems  to  be  avoided  by  the  use  of  Fromhold's  galvano-caustic 
apparatus.* 

n.    ELECTRICITY   FOK   CAUSING    CHEMICAL   EFFECTS. 

The  chemical  action  of  electricity,  used  in  surgery,  de- 
pends on  the  property  which  the  currents  possess  of  decom- 

1  Wiener  Med.  Wochenschrift,  No.  27,  1860. 

2  Wiener  Medicinal-Halle,  ii.,  No.  49.     1861. 

2  Petersburger  Med.  Zeitung,  i.,  pages  1-13  und  55-68,  1861. 
*  See  Electrotherapie  von  C.  Fromhold,  1859,  page  11^,  et  seq. 
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posing  organic  liquids  (see  page  26),  and  wliicli,  as  well  as 
the  thermic  effect,  is  produced  especially  by  the  constant  cur- 
rent. The  thermic  and  chemical  effects  differ,  however,  from 
each  other,  in  obtaining  the  former  through  large  plate  ele- 
ments, and  the  latter  through  a  large  number  of  small  ele- 
ments. If  two  needles,  connected  with  the  poles  of  a  battery 
of  the  last-named  kind,  are  introduced  into  a  blood-vessel,  or 
into  a  tumor  filled  with  a  liquid,  a  decomposition  of  the  con- 
tents takes  place,  albumen,  fibrin,  acids,  etc.,  collecting  at 
the  +  pole,  and  watery  extracts,  alkaline  bases,  iron,  coloring- 
matter,  going  to  the  —  pole  (see  page  89).  Then  both  poles, 
as  ascertained  by  Crussel,  in  1839,  through  experiments,  pre- 
sented a  perfectly  different  appearance,  for  if  he  introduced 
the  conducting  wires  in  opposite  directions  into  the  w^hite  of 
a  fresh  egg,  there  were,  in  a  short  time,  formed  at  the  posi- 
tive pole  flakes,  which  enlarged  and  thickened  more  and 
more,  and  were  attached,  with  a  certain  degree  of  toughness, 
to  the  point  of  the  wire,  causing  a  regular  process  of  con- 
solidation, while  at  the  negative  pole  the  albumen  became 
thin,  losing  its  peculiar  viscid  quality  in  the  vicinity  of  the 
point  of  the  conductor,  thus  inducing  a  process  of  liquefac- 
tion. The  same  chemical  process  may  be  effected,  in  a  more 
precise  manner,  by  introducing  but  one  pole  into  the  liquid, 
and  closing  the  circuit  by  placing  the  other  pole  on  the  sur- 
face of  the  body,  when  different  indications  may  be  fulfilled, 
according  to  the  introduction  of  the  positive  or  negative 
pole.  On  these  effects  are  based  the  methods  employed  for 
the  cure  of  varices  and  aneurisms  by  galvano-puncture,  as 
well  as  the  electrolytic  treatment  of  some  tumors,  etc. 

A.  Galvano-puncture  in  Varices  and  Aneurisms. 

The  treatment  of  varices  and  aneurisms  through  the  elec- 
tric curi'ent,  by  needles  introduced  into  the  interior  of  the 
vessels,  is  not  new.  Scudamore  first  directed  the  attention 
of  the  profession  to  the  faculty  of  the  continued  current  of 
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causing  a  rapid  coagulation  of  the  blood.  Guerard,  1831, 
Pravaz,  and  Leroi  d'Etiolles,  deduced  from  it  the  possibility 
of  a  coagulation  of  the  blood  in  aneurismatic  sacs.  Petre- 
quin,  of  Lyons,  obtained,  in  1846,  the  first  favorable  result 
in  aneurisms;  Bertani  and  Milani,  in  1847,  in  varices. 

Concerning  the  method  itself,  a  bandage  or  tourniquet 
was  generally  placed  around  the  limb  to  be  operated  on,  for 
the  purpose  of  diminishing  the  supply  of  blood,  and  then 
two  straight  needles,  one  to  two  inches  long,  one  from  above 
downward,  the  other  from  below  upward,  were  slowly  intro- 
duced into  the  enlargement  of  the  vessel  in  such  a  manner  as 
to  separate  their  points  a  few  lines  from  each  other.  Which 
done,  the  conducting  wires  of  a  Yoltaic  pile  (consisting  of 
thirty  to  sixty  pairs  of  plates,  if  an  aneurism,  and  of  from 
twenty  to  thirty  pairs,  if  a  varix  was  to  be  operated  upon) 
were  attached  to  the  heads  of  the  needles,  which  were  fur- 
nished with  flat  rings,  and  turned  from  each  other ;  the  nee- 
dles being  kept  in  this  position  for  from  ten  to  twenty  min- 
utes. Ciniselli  and  Petrequin  believed  the  application  of  the 
tourniquet  to  be  useless  and  harmful.  Petrequin  frequently 
changed  the  direction  of  the  needles,  in  order  to  obtain  a 
nucleus  of  fibriform  coagula,  around  which  the  coagulation 
could  then  take  place  faster  and  be  completely  finished  in 
from  ten  to  twenty  minutes. 

By  using  this  method,  the  operation  was  successful  in 
some  cases,  remaining  in  others  without  a  result.  In^rare 
cases  coagulation  of  the  blood  followed  immediately  after 
the  operation,  but  usually  not  till  -after  several  days.  Thus 
it  happened  that  some,  seeing  that  coagulation  did  not 
ensue  till  after  some  hours  or  days,  thought  this  process 
to  be  a  consequence  of  an  inflammation  of  the  vascular 
walls,  from  the  introduction  of  foreign  bodies.  In  four  in- 
dividuals, for  instance,  on  whom  Schuli^  operated  thirteen 
times  for  varicose  veins,  a  cure  did  not  take  place  till  several 
days  had  passed — while  others  considered  it  a  chemical  effect 

^  Zeitschr.  der  k.  k.  Gesellschaft  der  Aerzte  zu  Wien,  June,  1856. 
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caused  by  tlie  action  of  the  electric  current  on  the  blood, 
especially  because  they  found  that,  if  the  needle  connected 
with  the  negative  pole  is  withdrawn  after  the  operation, 
bleeding  follows,  explained  by  the  separation  of  the  serum 
or  the  salts  at  the  negative  pole,  while  the  withdrawal  of  the 
other  needle,  around  which  fibrin,  albumen,  etc.,  are  depos- 
ited, causes  no -bleeding,  or  but  a  very  slight  loss  of  blood.^  It 
is  only  recently  that  the  exertions  of  Baumgarten  and  Wert- 
heimer  ^  have  made  it  possible  to  solve  these  doubts,  and  place 
the  method  of  operating  on  a  sure  basis.  For  the  numerous 
experiments  made  by  them  on  animals  invariably  gave  the 
following  results :  1.  If  the  needle  connected  with  the  nega- 
tive pole  was  introduced  alone  into  the  blood-vessel,  while  the 
other  needle  was  applied  to  the  surrounding  parts,  no  coagu- 
lation took  place.  2.  The  introduction  of  both  poles  pro- 
duced a  slow,  rather  weak,  and  rarely  perfect  coagulation. 
3.  The  introduction  of  the  positive  pole  alone,  with  the  ap- 
plication of  the  negative  pole  to  the  neighboring  parts,  always 
brought  about  a  rapid  and  complete  coagulation. 

Malgaigne  gave  to  the  experimenters  an  opportunity  to 
try  the  method  on  the  human  subject.  The  case  furnished 
was  that  of  a  young  girl,  who  for  some  time  had  been  suffer- 
ing from  a  varicose  degeneration  of  the  large  and  small  veins 
of  one  upper  extremity  up  to  the  acromion,  whence  the  evil 
seemed  to  spread  over  the  trunk.  The  volume  of  the  limb 
had  increased  to  twice  its  normal  size.  As  a  predisposing 
cause,  only  an  extraordinary  thinness  of  the  venous  mem- 
branes could  be  considered.  In  this  case,  where  the  patient 
had  either  to  be  left  to  her  fate  or  her  life  placed  in  jeopardy 
through  the  cauterization  or  ligation  of  so  many  veins,  elec- 
tro-puncture, made  as  described  sub.  3,  gave  some  very  re- 
markable results.     Baumgarten  and  Wertheimer  introduced 

'  See  Rapporto  della  Commissione  che  a  fatto  gli  sperimento  sull'  electro- 
punctura,  etc.,  Annal.  univers.,  Jan.,  1847,  page  219. 

2  Ueber  Galvanopunctur  bei  Aneurysmen  und  Varicen.  Gaz.  des  Hopitaux, 
1852,  No.  12. 
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in  three  sittings,  at  an  interval  of  two  to  three  days  each  time, 
about  ten  needles  into  the  most  extended  veins,  placed  a  con- 
ductor, connected  with  the  negative  pole,  into  the  hand  of 
the  patient,  at  the  same  time  connecting  all  the  needles  with 
the  positive  pole.  The  operation  caused  hut  little  pain. 
After  a  few  minutes  the  needles  were  removed,  when,  in 
place  of  the  dilated  veins,  full,  resistant  cords  were  felt,  a 
sure  sign  of  complete  coagulation.  After  a  month,  the 
greater  portion  of  the  veins  was  obliterated  and  the  volume 
of  the  limb  considerably  reduced;  only  then  those  veins, 
heretofore  of  normal  size,  began  to  dilate  a  little,  which  cir- 
cumstance can  exercise  no  influence  on  our  opinion  of  this 
modus  operandi.  Thus  galvano-puncture  appears  to  offer  a 
sure  method  for  the  successful  treatment  of  aneurisms  and 
varices,  and  also  appears  to  avoid  the  danger  of  phlebitis 
following  the  methods  formerly  employed. 

The  following  is,  according  to  Steinlin,'  the  chemical  pro- 
cess ensuing  in  this  method :  The  salts  in  the  serum  of  the 
blood  maintaining  the  albumen,  fibrin,  and  casein  in  solution 
favor  the  coagulation  of  these  substances  on  account  of  their 
decomposition  through  the  electric  current.  The  acids  formed 
in  consequence  of  this  decomposition  go  to  the  positive  pole, 
and  these  form,  with  the  metal  of  the  pole — ^needles — metallic 
salts,  which  precipitate  the  albumen,  etc.,  thus  causing  a  firm 
coagulation  at  the  positive  pole.  Consequently  the  metal  of 
which  the  needles  consist  has  a  considerable  influence  on 
the  rapidity  with  which  coagulation  of  the  blood  takes  place. 
If  the  needle  attached  to  the  positive  pole  is  made  of  platina, 
coagulation  occurs  slowly ;  if  the  platina  needle  is  furnished 
with  an  iron  point,  this  process  ensues  more  rapidly,  and 
more  rapidly  still  if  a  zinc  needle,  or,  on  account  of  its  brittle- 
ness,  a  steel  needle,  covered  with  zinc,  is  introduced.  For 
this  reason  Steinlin  recommends  for  his  operation  the  use  of 
the  last-mentioned  kind  of  needle,  which  is  to  be  connected 

1  Galvanopunctur  bei  Varicositaten  und  Aneurysmen.    Zeitschr.  der  k.  k. 
Gesellschaft  der  Aerzte  zu  Wien,  1853,  Heft  iv. 
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with  the  positive  pole  of  the  pile,  while  the  negative  pole  is,  bj 
means  of  a  platina  plate,  or  a  sponge  moistened  with  a  solu- 
tion of  salt,  placed  near  by  on  the  skin,  the  conducting  power 
of  which  is  improved  by  a  dilute  acid  or  a  solution  of  salt. 

I  was  fortunate  enough  to  cure  permanently,  through 
galvano-puncture,  the  case  of  aneurism  described  below,  but 
must  also  remark  that  the  final  favorable  result  is  perhaps 
not  to  be  ascribed  to  galvano-puncture  exclusively,  inasmuch 
as  digital  compression  was  also  employed. 

Case  110. — Mr.  E.,  a  druggist  of  Herrnlmt,  aged  fifty- 
two  years,  noticed  for  the  first  time,  about  twelve  years  ago, 
that  the  left  knee  was  always  warmer  than  the  right,  and 
that,  at  the  same  time,  there  existed  also  a  small  swelling 
in  the  middle  of  the  knee-pan.  About  ten  years  later  he 
struck  the  left  knee  very  violently  against  a  hard,  angular 
substance,  causing  great  pain  and  swelling  of  the  joint. 
Through  rest  and  the  use  of  lead- water  applications,  the 
symptoms  of  irritation  disappeared  within  eight  days,  the 
swelling  being  also  diminished,  but  since  that  time  pulsa- 
tion was  plainly  perceived  on  either  side  of  the  patella,  to 
which  symptom  the  patient  did  not,  however,  pay  much  at- 
tention, causing  him,  nevertheless,  to  cover  the  knee  with  a 
compressing  india-rubber  bandage.  In  spite  of  this,  the 
swelling  gradually  increased  until,  in  the  last  years,  pulsa- 
tion could  also  be  plainly  felt  in  several  dilated  arteries  in 
the  vicinity  of  the  patella — a  group  of  symptoms  causing 
the  patient  to  go  to  Berlin  for  the  purpose  of  consulting 
Dr.  Wilms.  He  recommended  the  employment  of  galvano- 
puncture  for  the  obliteration  of  the  aneurism,  which  here 
undoubtedly  existed,  and  sent  the  patient  to  my  ofiice,  June 
29,  1855.  I  found  the  following  symptoms :  The  tumor 
was  covered  by  skin  of  normal  color,  and  easily  moved ;  it 
covered  the  knee-pan  to  three-quarters  of  its  extent,  and 
thence  extended  partially  to  both  sides,  especially  to  the 
inner  side,  and  partially  upward,  into  the  muscular  tissue  of 
the  quadriceps  femoris.     Pulsation  could  not  only  be  felt  on 
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different  points  of  the  patella,  but  was  also  visible  to  the 
eye ;  the  temperature  was  also  considerably  increased. 

The  operation  was  made  for  the  first  time  on  the  30th  of 
June,  1865,  by  introducing  as  deeply  as  possible  three  needles, 
connected  with  the  positive  pole  of  Kemak's  zinc-carbon  bat- 
tery, into  the  most  prominently-pulsating  places  of  the  tumor, 
while  the  negative  conductor,  covered  with  flannel  and  linen, 
measuring  one  and  a  half  inches  in  diameter,  rested  on  the 
thigh  above.  After  the  needles  were  kept  in  this  position 
for  half  an  hour,  the  current  having  the  strength  of  twenty 
elements,  they  could  only  with  a  certain  degree  of  force  be 
extracted  from  the  firm  coagulum.  'No  bleeding  followed, 
nor  was  there  any  pain  felt  during  the  operation,  a  slight 
burning  at  the  zinc  pole  excepted.^  Upon  Dr.  Pirogoff 's  re- 
quest, who  was  present  at  the  operation,  this,  as  well  as  the 
next  three  operations,  was  followed  by  a  digital  compression 
of  the  femoral  artery  at  the  beginning  of  the  lower  third  of 
the  thigh,  made  for  twenty-four  hours  alternately  by  three 
attendants.  The  galvano-puncture  was  repeated  on  the  6th, 
15th,  21st,  and  29th  of  July,  with  the  difference  that  the 
number  of  needles  introduced  on  July  6th  was  three ;  on  the 
15th  and  21st,  ten ;  on  the  29th,  -^ve ;  they,  always  remaining 
in  the  vessel  for  half  an  hour.  It  was  found  that  coagulation 
was  less  firm  if  ten  needles  acted  simultaneously ;  at  least, 

^  According  to  Fromhold  {I.  c,  page  110),  the  galvanic  current  must  be  of 
sufficient  strength  to  form,  in  one  minute,  a  coagulum  of  the  size  of  a  bean,  at 
the  positive  pole,  if  tested  with  albumen  taken  from  a  fresh  egg  and  placed  in 
a  saucer,  and,  besides,  to  cause  a  deviation  of  25°  of  the  magnetic  needle.  He 
also  advises  to  connect  each  time  but  one  needle  with  the  positive  conductor, 
allowing  the  galvanic  current  always  to  act  for  two  minutes,  and  continuing  the 
same  method  with  each  successive  needle.  I  prefer  the  method  employed  by 
me  of  allowing  the  current  to  act  continually  at  the  same  time  on  a  larger 
number  of  needles  (which,  however,  ought  not  to  exceed  five  or  six  in  number), 
for  the  reason  that  I  have  never,  under  these  circumstances,  observed  the 
slightest  bleeding  follow  the  removal  of  the  needles  (the  same  happened  also 
in  another  case  of  aneurism  on  the  volar  surface  of  the  hand,  the  final  result 
of  which  I  regret  to  be  unable  to  report),  while  Fromhold  mentions  the  bleeding 
as  not  a  rare  result  of  his  method. 
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after  the  operations  made  on  the  15th  and  21st,  the  withdrawal 
of  one  or  the  other  needle  was  followed  bj  a  slight  bleeding, 
which  did  not  occur  in  the  first,  second,  and  fifth  operations, 
after  the  introduction  of  a  less  number  of  needles.  The  long 
intervals  between  the  single  applications  were  necessary,  on 
account  of  the  patient  feeling  very  much  afiected  after  each 
compression,  and  the  thigh  being  very  tender,  in  a  consid- 
erable extent,  to  every  touch.  The  pulsation  in  the  tumor, 
however,  became  less  each  time,  the  coagulation  in  the  blood- 
vessels rendering,  at  the  same  time,  the  tumor  so  firm  and 
hard  that  the  introduction  of  five  needles  was  made  only 
with  some  difficulty,  on  July  29th.  When  the  patient  left 
Berlin,  August  8th,  a  very  weak  pulsation  could  be  felt  only 
at  the  upper  part  of  the  tumor,  the  volume  of  which  was  also 
considerably  reduced.  Concerning  the  further  course,  I  was 
informed  that,  in  the  next  days  after  the  patient's  departure, 
an  abscess  formed  in  the  fibro-cellular  tissue,  on  the  lower 
inner  border  of  the  patella,  in  consequence  of  the  suppura- 
tion of  some  needle-wounds,  from  which  a  few  teaspoons  of 
bloody  pus  were  discharged,  and  which  then  healed  within 
a  week.  Otherwise  the  patient,  in  a  letter  dated  March  27, 
1868,  expressed  his  great  satisfaction  about  the  permanently 
happy  result  of  the  treatment,  adding,  finally,  the  following : 
"  There  exists  but  a  moderate  swelling,  of  about  two  inches 
in  diameter,  with  a  very  weak  pulsation.  I  always  wear  an 
elastic  bandage  around  the  knee,  and  I  have  but  a  few  times 
j)erceived  a  sensation  of  heat,  after  exerting  the  knee  con- 
siderably, while  travelling  in  the  mountains,  but  felt  no  pain 
or  other  inconvenience." 

B.  Electrolytical  Treatment  of  Strictures^  Exudations, 
Tumors,  Ulcers,  etc. 

Crussel  ^  was  the  first  to  use  electrolysis  for  the  remov- 
al of  strictures,  exudations,  ulcers,  etc.     He  was  followed 

^  Die  Electrolytische  Heilmethode.    Neue  Med,-chir.  Zeitung,  1847,  No.  7. 
Med.  Zeitung  Russlands,  1847  und  1848. 
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by  Willebrand,  Spencer  Wells,  Ciniselli,  etc.  Lately  tins 
method  has  been  revived  by  Scouteten  and  Tripier ' — by  the 
latter  especially  in  the  treatment  of  the  obliterated  lachry- 
mal sac,  the  constricted  Eustachian  tube,  and  of  stricture  of 
the  urethra,  but  most  of  all  by  Althaus,  of  London,^  who,  at 
the  same  time,  tried  to  generalize  this  method,  and  to  extend 
it  to  the  treatment  of  serous  exudations,  strictures,  wounds, 
and  ulcers,  and  to  tumors,  especially  those  having  soft  con- 
tents. According  to  Althaiis,  two  factors  enter  into  the  effect 
of  the  negative  pole  on  animal  tissues :  1.  The  mechanical 
effect  of  the  liberated  hydrogen,  which  can  be  seen,  under 
the  microscope,  to  rise  in  numberless  vesicles,  to  penetrate 
the  minutest  parts  of  the  tissues,  and  to  separate  their  fibres. 
2.  The  chemical  effect  of  the  free  alkalies  (potash,  soda, 
and  lime),  generating  with  the  hydrogen  at  the  negative 
pole,  and  corroding  the  parts  chemically.  For  the  opera- 
tions themselves  Althaus  used  a  battery,  consisting  of  fifteen 
elements  of  Daniell,  for  the  introduction  into  the  tissues,  a 
needle  of  gold  or  gilt  steel  attached  to  the  negative  pole,  or 
various  modifications  of  the  needle  in  the  shape  of  a  fork, 
with  two,  four,  six,  eight  teeth,  or  a  dull  blade,  etc.,  while 
the  circuit  was  made  by  applying  to  the  skin  a  sponge,  con- 
nected with  the  positive  pole. 

In  the  following  we  shall  report  the  noticeable  results  of 
the  electrolytical  method  for  the  treatment  of  the  above- 
mentioned  diseases,  discussing  briefly,  at  the  same  time,  the 
other  methods  of  electricity  employed  for  their  removal ; 

1.  In  strictures  of  the  urethra,  Willebrand,  following 
Crussel's  example,  introduced,  as  far  as  the  stricture,  a  me- 
tallic sound,  furnished  with  an  india-rubber  covering,  from 
which  only  a  conical  silver  point  protruded,  connecting  it 
with  the  negative  pole  of  a  battery,  while  the  conductor  at- 

*  Arch,  gen.,  1866,  page  18. 

2  See  Vorloufige  Mittheilung  iiber  meine  electrolytische  Behandlung  der 
Geschwulste  und  anderen  chirurgischer  Krankheiten.  Deutsche  Klinik,  1867, 
Nos.  34-36. 
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tached  to  the  positive  pole  was  placed  in  the  patient's  hand. 
The  sound  was  kept  in  this  position  daily  for  ten,  or,  at  most, 
twenty  minutes,  a  cure  being  eiFected  in  eight  to  ten  days. 
Wertheimer  has  resumed  these  attempts,  and  Jaksch  *  reports 
having  seen  the  catheter  fixed  on  the  stricture,  and  connected 
with  the  negative  pole,  glide  easily  over  the  constricted  spot 
after  ten  minutes.  To  this,  authorities  in  Paris,  for  instance 
Leroi  d'Etiolles,  have  objected,  as  the  same  result  could  be 
obtained,  without  the  use  of  electricity,  by  quietly  pressing 
on  the  stricture,  yet  the  rapid  results  obtained  by  Tripier, 
through  the  employment  of  galvanism,  speak  against  the 
correctness  of  this  assertion.  For  Tripier  proceeded  in  the 
following  manner :  He  pressed  a  thin  metallic  olive  (made 
of  platina— gold,  copper,  or  any  other  metal  resisting  the  ac- 
tion'of  electrolysis),  connected  with  the  negative  pole,  against 
the  stricture,  moving  it  farther  against  the  constricted  place, 
in  proportion  to  the  destroyed  tissue,  while  the  positive  pole 
was  kept  fixed  to  the  pelvis.  The  result  was  striking,  for, 
usually,  a  cure  followed  after  one  or  a  few  applications; 
whether  it  remained  permanently,  Tripier  was  unable  to  say 
at  the  time  of  publishing  his  report. 

2.  If  we  now  consider  the  exudations,  we  shall  speak  in 
contradistinction  to  the  firm  rheumatic  and  gouty  artic- 
ular exudations,  the  treatment  of  which  has  been  mentioned 
on  page  439,  et  seq.^  of  the  serous  exudations,  which  have 
become  an  object  of  electrolytical  treatment,  especially  in 
the  form  of  hydrocele,  or  of  dropsy  of  the  joints,  or  of  an 
accumulation  of  liquids  in  cysts.  After  Lewis,  Travers, 
Hack,  etc.,  had  tried  simple  acupuncture  in  the  treatment 
of  hydrocele,  Schuster ""  seems  to  have  been  the  first  who^ 
in  1839,  cured  hydrocele  and  similar  affections  by  means 
of  electro-puncture,  and  delivered  a  report  on  his  method 
to  the  Academy  in   1843.      The  method   is  distinguished 

'  See  Prager  Vierteljahrsschrift  fur  die  pract.  Heilkunde,  1851,  Bd.  iii., 
page  188. 

2  Bull,  de  Therap.,  1839,  F^vrier,  Mars,  pages  174,  225. 
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before  others,  serving  the  same  purpose,  through  the  sim- 
plicity, safety,  and  slight  painfulness.  It  consists  of  two 
acupuncture  needles  entering  the  swelling  at  opposite  sides 
sufficiently  deep  so  that  the  opposing  points  are  near  to 
each  other.  These  needles  are  then  connected  with  a 
Yoltaic  pile  of  thirty  to  forty  elements,  the  current  being 
allowed  to  act  in  three  or  four  applications,  about  ten  min- 
utes each  time.  The  hydrocele  disappears  immediately ;  the 
remaining  oedema  of  the  scrotum  after  a  few  days. 

Burdel,*  Delstanche,"  Lehmann,'  Thevissen,*  etc.,  have 
likewise  employed  the  induced  current,  with  favorable  re- 
sults. 

Burdel  reports  the  following  case : 

A  man,  fifty-three  years  of  age,  had  suffered  for  three 
years  from  a  voluminous  hydrocele  of  the  left  side,  for  the 
removal  of  which  two  insect  needles  were  introduced,  and 
connected  with  Breton's  rotation  apparatus.  Vermicular 
motions  ensued  in  the  scrotum,  accompanied  by  pains  ex- 
tending into  the  kidneys.  After  the  gradually-increased 
current  -had  acted  for  twenty  minutes,  the  swelling  was  re- 
duced to  about  one-third  of  its  volume,  and  had  disappeared 
entirely  the  next  "morning. 

At  the  end  of  a  month,  however,  it  had  reappeared,  and 
he  was  then  electrified  for  three-fourths  of  an  hour;  the 
swelling  again  vanished  and  did  not  return — at  least,  it  had 
not  reformed  when  Burdel  published  this  case  (nine  months 
after  the  operation). 

Lehmann's  case  was  as  follows  : 

A  man,  fifty  years  of  age,  whose  right  testis  had  become 
atrophied,  in  his  early  youth,  from  a  blow,  had  a  hydrocele 
on  the  left  side,  measuring  eleven  and  a  half  inches  in  cir- 
cumference.    Lehmann  employed  Du  Bois's  apparatus,  by 

^  Union  Med.,  1859,  No.  13. 

2  Journal  de  Bruxelles,  1859.     Juillet.    . 

3  Deutsche  Klinik,  1859,  No.  37. 

*  Annal.  de  I'l^lectrieite  M6d.,  1860,  No.  4. 
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introducing  both  needles  into  the  tunica  vaginalis,  changing 
the  poles  after  ten  minutes,  and  operating  half  an  hour  in 
all.  Immediately  after  the  operation  the  skin  was  oedema- 
tous,  the  tunica  vaginalis  less  tense,  and  no  disagreeable  sen- 
sation present.  The  scrotum  was  wrapped  up  in  wool,  and 
a  suspensory  bandage  applied,  enabling  the  patient  to  walk 
about.  In  the  evening  the  oedema  increased ;  the  serum  in 
the  tunica  vaginalis,  however,  decreased.  On  the  following 
morning  the  oedema  was  less,  and  the  liquid  in  the  serous 
cavity  reduced  to  about  one-half ;  the  patient  took  a  ride  of 
ten  miles.  'No  oedema  existed  the  next  morning,  the  liquid 
within  being  reduced  to  one-fourth.  After  four  applications, 
a  perfect  cure  took  place. 

Benedikt  ^  reports  several  cases  of  articular  dropsy,  cured 
by  means  of  galvanization,  either  with  or  without  the  use  of 
acupuncture  needles. 

Josa,  a  student  of  medicine,  had  contracted  a  hydrops 
genu  et  burs.  muc.  patellae  on  both  sides,  which,  in  the  fol- 
lowing winter,  was  removed  through  the  galvanization  of 
the  joints,  and  did  not  again  return. 

Johann  Jokesch,  a  servant,  aged  thirty-four  years,  with 
constitutional  syphilis,  suffered,  fifteen  months  ago,  from  ar- 
ticular rheumatism,  and  has  now  hydrops  genu  on  both  sides. 
Galvanization  through  the  joint  made  no  material  change ; 
galvano-puncture,  however,  caused  a  complete  cure  in  four 
applications. 

These  cases  encourage,  at  any  rate,  a  more  frequent  em- 
ployment of  galvano-puncture  in  articular  dropsy;  it  will 
be,  however,  more  practical  then  to  connect  all  the  intro- 
duced needles  with  the  negative  pole  of  the  battery,  and  to 
place  a  larger  conductor,  attached  to  the  positive  pole,  upon 
some  near  portion  of  the  skin. 

In  addition  to  the  treatment  of  serous  transudations,  elec- 
tricity has  also  been  used,  sometimes  with  advantage,  for  the 
removal  of  the  more  plastic  exudations  within  the  cornea, 
^  Electrotherapie,  1868,  page  177. 
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"Willebrand  being  the  first  to  employ  electricity  for  this  pur- 
pose.* He  placed  a  fine  round  silver  button,  furnished  with 
a  silk-covered  handle,  and  connected  through  a  wire  with 
the  negative  pole  of  a  single  galvanic  element,  upon  the 
middle  of  the  cornea,  while  the  patient  put  a  small  plate, 
attached  to  the  positive  pole,  into  his  mouth.  Sc)on  a  feel- 
ing of  stitching-pain  and  of  burning  took  place  in  the  eye, 
the  conjunctiva  reddened,  an  effusion  of  tears  ensued,  but 
these  symptoms  soon  yielded  to  the  application  of  cold  water. 
The  disintegrating  process  once  begun,  it  proceeded  uninter- 
ruptedly, without  the  further  use  of  the  apparatus.  Wille- 
brand has  used  this  method  in  four  cases,  of  which  two  are 
reported  to  have  been  cured,  and  the  others  to  have  been 
improved  materially.  Yon  Graefe  (see  the  report  cited  in 
the  note)  considers  these  assertions  to  be  well  founded.  For 
having,  in  cases  in  which  exudations  existed  in  both  eyes, 
employed  electricity  on  one  side  and  tincture  of  opium  and 
lapis  infernalis  on  the  other,  seems  to  have  accomplished  his 
purpose  sooner  with  electricity. 

I  myself  presented,'^  at  a  meeting  of  the  "  Gesellschaft 
fiir  wissenschaftliche  Medicin,"  April  21,  1856,  a  patient, 
sent  to  me  by  Prof,  von  Graefe,  in  whom,  after  four  months' 
employment  of  the  induced  current,  a  considerable  exuda- 
tion on  the  cornea  was  resorbed  sufficiently  to  allow  the 
patient  to  recover  the  normal  length  of  vision,  while  before 
he  could,  with  the  left  eye,  read  large  print  only  at  the  dis- 
tance of  one  and  a  half  inches,  the  right  being  entirely  use- 
less. Although  exudations  in  the  cornea  are  frequently  re- 
sorbed, in  the  course  of  time,  without  resorting  to  irritating 
agencies,  yet  in  this  case  the  improvement  became  so  marked, 
from  the  first  week  of  the  use  of  electricity,  that  it  must  be 

^  Although  Willebrand  speaks  of  sears  of  the  cornea,  he  means  exudations, 
a  mistake  excusable  on  his  part,  he  not  being  a  professional  man  (see  Sitzungs- 
bericht  der  Gesellschaft  fiir  wissenschaftliche  Medicin  vom  16.  August,  1852,  in 
der  Deutschen  Klinik,  1852,  No.  39,  page  445,  or  in  der  Med.  Central-Zeitung, 
1852,  No.  68. 

2  See  Med.  Central-Zeitung,  1856,  No.  34. 
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ascribed  mostly  to  the  electric  treatment,  a  fact  confirmed 
repeatedly  on  presenting  the  patient  at  Graefe's  clinic.  The 
method  used  in  this  case,  which  avoided  every  irritation  of 
the  highly-inflamed  eyes,  consisted  in  placing  a  wet  sponge, 
connected  with  the  negative  conductor,  on  the  closed  eye, 
and  placing  the  moistened  positive  conductor  in  the  patient's 
hand,  allowing  the  current  to  act  thus  daily  for  from  ten  to 
fifteen  minutes. 

3.  Concerning  the  dispersion  of  tumors,  attempts  were 
some  time  ago  repeatedly  made  to  remove,  with  the  elec- 
tric current,  infiltrations  in  lymphatic  glands,  goitre,  gan- 
glia, and  similar  swellings.  Thus  de  Haen  applied  in  vain 
the  shocks  of  an  electric  battery  to  lymphatic  tumors  situ- 
ated in  the  necks  of  two  young  girls ;  Mauduyt,  Sigaud  de 
Lafond,  and  Masse,  however,  obtained  better  results.  Du- 
chenne  has  twice  removed  lymphatic  swellings  of  the  neck 
through  cutaneous  faradization.  Boulu  *  used  metallic  disks, 
which  he  attached  to  two  opposite  sides  of  the  tumor,  then 
passing  through  them  the  magneto-induction  current,  by 
means  of  moistened  conductors.  In  this  manner  he  ob- 
tained a  cure  in  two  and  improvement  in  four  cases.  Of 
the  first  two  mentioned,  one  was  that  of  a  young  man, 
thirty-two  years  of  age,  afiected  with  a  swelling  of  the  left 
parotis,  of  the  size  of  an  orange,  which  first  appeared  two 
years  ago,  after  an  attack  of  rheumatic  pains.  Electricity 
efiected  a  complete  cure  in  two  months.  The  other  case 
was  that  of  a  young  man,  aged  seventeen  years,  who  was 
freed,  within  three  months,  of  a  parotideal  tumor  of  the  left 
side,  of  about  the  size  of  an  egg,  which  had  existed  for  ten 
years.  Demarquay  also'*  removed,  through  galvanism,  a 
swelling  of  the  submaxillary  gland,  of  the  size  of  an  egg, 
which  had  continued,  in  spite  of  every  medical  agency,  by 

^  Du  Traitement  des  adenites  cervicales  par  rElectrisation  localisee.  Union 
Medicale,  1856,  No.  63. 

^  De  quelques  cas  heureux  d'application  de  I'electricite.  Gaz.  des  Hop., 
1855,  No.  85. 
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introducing  two  needles  transversely  and  two  needles  ver- 
tically into  the  margin  of  the  tumor,  and  then  connecting 
alternately  the  transversal  and  vertical  needles  with  the  pile. 
The  operation  was  hardly  at  all  painful,  and  the  swelling 
disappeared  in  the  course  of  a  month,  after  twelve  applica- 
tions. A.  Becquerel,^  however,  and  others,  maintain  that 
electricity  has  no  influence  whatever  on  glandular  swellings. 

I  am  able  to  oppose  this  opinion  decidedly.  I  will  now 
report  two  cases,  in  the  first  of  which  I  dispersed  an  infiltra- 
tion of  lymphatic  glands,  of  the  size  of  a  hen's  egg,  while 
in  the  second  case  I  reduced  to  a  minimum  the  greatest 
tumor  probably  ever  treated  with  electricity. 

Case  111. — Miss  IST.,  aged  twenty-nine  years,  applied 
to  me,  November  13,  1867,  upon  the  advice  of  her  physi- 
cian. Dr.  Simonsohn,  for  the  purpose  of  getting  rid,  through 
electricity,  of  a  glandular  swelling,  the  size  of  a  hen's  egg, 
situated  on  the  left  side  of  the  neck.  Its  posterior  part  was 
covered  by  the  sterno-cleido-mastoid  muscle,  which  was 
raised  above  the  level,  and  it  extended  upward  to  the  angle 
of  the  lower  jaw,  having  been  noticed  at  least  two  years 
previously.  It  grew  but  slowly  during  the  first  year  and 
a  half,  and  increased  rapidly  to  its  present  size  in  the  last 
six  months,  disfiguring  the  patient  considerably.  During 
the  first  eight  applications  a  constant  current,  causing  a 
deviation  of  the  needle  of  25°,  was  passed  transversely 
through  the  swelling.  'No  noticeable  reduction  of  the  tu- 
mor seemed  to  take  place.  I  then,  by  way  of  experiment, 
tried  a  powerful  secondary  induction  current,  passing  it 
likewise  transversely  through  the  tumor.  Continuing  this 
for  ten  minutes,  the  result  was  so  remarkable  that  I  re- 
sorted thereafter  to  the  same  method.  Up  to  the  22d  of  De- 
cember (twentieth  application),  the  swelling  was  reduced  to 
one-thir(?of  its  former  size.  Since  that  time  the  decrease 
of  volume  was  much  slower,  requiring,  till  March  31,  1868, 

^  Traite  des  applications  de  rElectricit6  h  la  Th6rapeutique  m4d.  et  chir., 
Paris,  18^1,  page  314. 
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forty  additional  applications,  of  the  same  duration,  to  make 
the  tumor  sufficiently  small  not  to  be  perceived  by  the  eye, 
while  an  induration,  of  the  size  of  a  peach-stone,  could  still 
be  felt  by  the  finger. 

Case  112. — Miss  F.  P.,  aged  twenty-two  years,  strong 
and  healthy,  began  menstruating  in  her  fifteenth  year.  The 
catamenia  appeared  quite  regularly  in  the  first  few  years, 
but  failed  afterward,  frequently  for  two  months  and  more. 
Having  been  attacked,  in  the  fall  of  1857,  by  rheumatic 
pains  in  her  right  shoulder,  a  swelling  appeared,  without  any 
known  cause,  on  the  right  side  of  her  neck,  which  was  first 
supposed  to  be  a  parotitis,  and  treated  accordingly,  by  simply 
covering  it.  It,  however,  neither  disappeared  nor  suppu- 
rated, and  at  last  it  assumed  the  size  of  a  child's  head,  and 
became  of  a  stony  firmness  within  four  weeks,  being  situated 
between  the  head  and  the  scapula.  Cataplasms,  the  internal 
and  external  administration  of  iodine,  mineral  baths,  etc., 
were  in  vain  employed.  After  the  patient  had,  in  the  sum- 
mer of  1858,  used  forty-five  baths  in  Kreuznach,  etc.,  she 
was  advised  by  Drs.  von  Langenbeck  and  Ries  to  apply  to 
me,  for  the  purpose  of  trying  electricity,  as  a  last  resort, 
every  known  remedy  having  failed,  and  an  operation  also 
appearing  to  be  inadmissible.  The  two  medical  gentlemen 
frequently  convinced  themselves  of  the  favorable  success  of 
this  treatment.  The  tumor,  terminating  angularly,  filled 
the  space  between  the  lower  jaw,  the  mastoid  process,  and 
the  inferior  semicircular  line  of  the  occipital  bone ;  thence 
extending  posteriorly  to  the  spinal  column,  which  it  dis- 
placed to  the  left  side,  ending  anteriorly  in  the  middle  of  the 
neck,  and  reaching  inferiorly  to  the  shoulder-blade,  where  its 
limits  could  not  be  exactly  defined.  As  a  consequence,  the 
scapula  protruded  farther  than  normally  from  the  chest,  the 
patient  being  unable  to  approach  its  upper  angle  nearer  than 
three  and  its  lower  angle  nearer  than  two  and  a  half  inches 
to  the  vertebral  column.  The  swelling  not  being,  however, 
attached  to  any  bone,  was,  especially  in  its  lower  portion, 
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of  a  stony  firmness.  The  circumference  of  the  right  cervical 
half  was  about  fourteen,  that  of  the  left  six  inches.  The 
right  sterno-cleido-mastoid  muscle  could  not  be  defined,  the 
tumor  overlooked  the  supraclavicular  region,  the  clavicle 
was  completely  covered,  the  head  inclined  to  the  right  con- 
tinually, making  any  motion  to  the  right  completely  impos- 
sible. The  expression  of  the  whole  face  appeared  to  be 
somewhat  idiotic. 

I  passed  the  induced  current  transversely  through  the  tu- 
mor for  from  one  to  one  and  a  half  hours  at  a  time,  by  means 
of  brass  plates,  covered  with  sponge.  After  having  made 
fifty-six  applications,  I  presented  the  patient,  at  the  end  of 
August,  1859,  to  Dr.  von  Langenbeck,  who  found  the  tumor 
reduced  one-half;  it  was  also  less  hard,  especially  at  its  up- 
per part,  those  parts  to  which  the  conductors  were  applied 
appearing  to  be  softer  after  each  application.  The  tumor 
gradually  decreased  until  it  had  hardly  one-third  of  its  former 
volume,  after  one  hundred  and  forty-two  applications  (No- 
vember 30,  1860).  The  circumference  of  the  right  cervical 
half  was  now  only  ten  and  a  half  inches ;  the  sterno-cleido- 
mastoideus  could  now  be  perceived,  even  in  the  usual  posi- 
tion of  the  head ;  the  clavicle,  the  supraclavicular,  and  aural 
regions  were  free ;  the  head  was  straight,  and  could  be  moved 
somewhat  to  the  right  side.  The  spinal  column  no  more 
bulged  to  the  left,  the  shoulder  region  \7as  freer.  The  tumor 
had  decreased  most  in  its  antero-posterior  diameter,  less  in 
the  lateral  direction.  The  treatment  was  continued,  with 
frequent  interruptions,  till  July,  1862,  two  hundred  and  sev- 
enty-three applications  having  been  made  in  all.  The  im- 
provement progressed  without  interruption,  but  it  was  ascer- 
tained, through  carefully  measuring  the  tumor  each  time, 
that  it  remained  stationary  during  the  suspension  of  the 
treatment,  which  occurred  every  year  for  several  months. 
When  the  treatment  was  finished,  the  transverse  diameter  of 
both  sides  of  the  neck  differed  hardly  two  inches.  .The  head 
could  be  turned  to  the  right  without  difiiculty,  the  supra- 
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clavicular  fossa  was  perfectly  free,  the  difierence  of  both 
sides  of  the  neck  appearing  only  in  the  broad  and  not  in  the 
deep  diameter.  The  face  had  assumed  a  pleasanter  expres- 
sion. As  a  proof  of  these  facts,  I  caused  the  patient  to  be 
photographed  before  and  after  the  treatment.  The  patient 
subsequently  married,  and  became  a  happy  mother.  The 
swelling  has  remained  the  same,  but  perhaps  it  may  have 
been  diminished  a  little. 

Althaus  ^  has  removed,  through  electrolytical  treatment, 
the  following  kinds  of  tumors :  1.  A  nsevus  of  the  eyelid. 
2.  A  papillary  swelling  in  the  axilla.  3.  A  molluscum  of 
the  right  eyelid.  We  shall  report  briefly  the  first  two 
cases : 

1.  A  lady,  aged  twenty-eight  years,  had  a  congenital 
nsevus,  of  the  size  of  a  pea,  on  the  right  lower  eyelid,  for 
the  removal  of  which  she  applied  to  Mr.  White  Cooper,  who 
introduced,  July  23d,  a  needle,  attached  to  the  negative  pole 
of  a  battery  composed  of  ten  cells,  into  the  right  half  of  the 
swelling,  while  Dr.  Althaus  closed  the  circuit  by  placing  a 
moistened  electrode  on  the  skin  of  the  neck.  The  needle 
having  been  withdrawn  after  two  minutes,  without  the  loss 
of  a  drop  of  blood,  the  right  half  of  the  nsevus  appeared  to 
have  shrunk,  while  the  left  half  was  unchanged.  On  July 
26th  the  operation  was  repeated,  with  the  same  satisfactory 
result,  on  the  left  side,  thus  removing  the  nsevus  entirely. 

2.  A  lady,  twenty-seven  years  of  age,  consulted  Dr.  Alt- 
haus, November  21,  1866,  on  account  of  a  highly-vascular 
papillary  swelling  in  the  axilla,  which  was  first  observed  in 
the  beginning  of  1866.  It  had  rapidly  increased  during  the 
last  months,  measuring  now,  in  its  broadest  portion,  one- 
third  of  an  inch  in  length  and  one-fourth  of  an  inch  in  width. 
Dr.  Althaus  introduced  a  needle,  connected  with  fifteen  cells 
of  the  battery,  into  the  basis  of  the  swelling,  allowing  the 
current  to  act  for  three  minutes.  After  having  operated  for 
a  few  seconds,  a  remarkable  change  took  place  in  the  swell- 

1  X.  c,  page  323. 
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ing,  it  losing  its  flesh-color  and  becoming  white,  as  if  frozen. 
After  the  withdrawal  of  the  needle,  the  circulation  in  the 
tumor  had  apparently  completely  ceased.  During  the  opera- 
tion slight  pain  was  felt,  afterward  none,  neither  was  there 
any  loss  of  blood.  On  JSTovember  23d  the  swelling  had  en- 
tirely withered,  appearing  like  a  thin  brown  leaf,  having 
hardly  any  connection  with  the  skin.  For  this  reason  the 
operation  was  not  repeated.  One  week  after  the  operation, 
the  scab  fell  off,  and  after  four  weeks  neither  a  cicatrix  nor 
a  reddening  of  the  skin,  nor  any  sign  whatever,  could  be  no- 
ticed of  the  former  tumor. 

4.  If  we  finally  direct  our  attention  to  the  galvanic 
treatment  of  ulcers,  we  find  Crussel  ^  basing  his  electrolyt- 
-ical  treatment  of  ulcers  upon  the  following  observation. 
He  found  that,  by  connecting  two  metal  plates  with  the 
poles  of  a  battery,  and  placing  them  on  two  different  parts 
of  the  body,  the  plate  connected  with  the  positive  pole  acted 
like  an  acid,  that  is,  consolidating ;  while  the  other  plate, 
attached  to  the  negative  pole,  acted  like  an  alkali,  that 
is,  liquefying.  If  he  had  to  treat  a  simple  ulcer,  he  covered 
it  with  a  metal  plate,  attached  to  the  positive  pole,  connect- 
ing the  negative  with  the  hand  or  foot  of  the  patient.  Soon 
a  skin  was  formed,  which  covered  the  ulcer  for  several  days, 
when  it  fell,  leaving  the  ulcer  smaller,  which  finally  healed, 
after  the  repeated  use  of  the  same  method.  If  Crussel  cov- 
ered a  suppurating  cancer  with  a  metal  plate  connected  with 
the  positive  conductor,  a  coagulated  layer  was  deposited  upon 
its  surface,  which  remained  there  like  a  firm  scab.  After  it 
fell  off,  the  ulcer  appeared  to  be  cleaner,  more  reddened,  and 
less  painful,  showing  a  tendency  to  heal.  In  syphilitic  ul- 
cers, electrolysis  acts  similarly  to  other  caustics,  nitr.  of 
silv.,  etc.,  with  this  difference,  however,  that  the  application 
of  caustics  causes  the  formation  of  a  scab,  which  does  not 
come  off  till  after  twenty-four  hours,  leaving  behind  a  wound 
which  requires  several  days  for  its  healing,  while  the  early 

*  See  Neue  Med.-Chirurg.  Zeitung,  1847,  page  235. 
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application  of  the  electroljtical  metliod  heals  the  ulcer  usu- 
ally within  twenty-four  hours. 

Dr.  Kyber,' physician  to  the  Marine  Hospital  in  Cron- 
stadt,  has  thus  treated  ten  soldiers  affected  with  syphilis ; 
Dr.  Eosenberger,  physician-in-chief  to  the  hospital  for  syphi- 
litic women  in  St.  Petersburg,  also  treated  fifty  syphilitic 
patients  in  the  same  manner.  In  forty-one  the  ulcers  healed 
entirely,  while  in  the  remaining  nine  other  ineans  had  to 
be  employed.  Kyber  asserts  that  the  use  of  galvanism  is 
more  suitable  in  cases  where  the  number  of  primary  ulcers 
is  not  too  large,  and  where  their  size,  situation,  and  form 
allow  the  metallic  conductors  to  touch  their  surface  com- 
pletely. 

Spencer  Wells,*  judging  from  a  similar  observation,  cov- 
ered torpid,  waxy,  relaxed  ulcers  with  the  zinc-plate  of  his 
galvanic  arch  (page  95),  and  found  them,  after  three  days,  to 
have  a  healthy  surface.  Deep  ulcers,  with  indolent  granu- 
lations, were  covered  by  him  with  the  copper  or  silver  plate, 
after  the  removal  of  which  they  began  to  heal,  with  a  healthy 
granulating  process.  He  remarks  that,  after  trying  the  most 
different  methods  of  treatment,  he  found  galvanism  to  be 
the  best  agent  for  causing  a  healthy,  even  granulation.  He 
frequently  saw  deeply-excavated  ulcers  covered  with  granu- 
lations in  twenty-four  hour^,  which,  after  forty-eight  hours, 
had  grown  to  a  level  with  the  surrounding  skin,  beginning 
to  cicatrize,  which  process  was  soon  finished  through  cold- 
water  dressings.  He  especially  mentions  cases,  occurring 
not  unfrequently  in  sailors,  where  ropes,  thrown  forcibly 
around  a  limb,  tear  out  circular  pieces  of  skin,  connective 
tissue,  fascia,  and  muscles,  exposing  the  bones  of  the  ex- 
tremity as  does  a  bum.  Even  in  these  cases,  in  which  the 
use  of  the  most  different  means  caused  hardly  a  trace  of 
granulations,  covering  the  wound,  for  twenty-four  hours, 

*  Bemerkungen  iiber  Heilwirkungen  des  Galvanismus  aus  der  Prasis  des  Dr. 
Cogevina  in  Corfu. ;  Oppenheim's  Zeitschrift,  1849 ;  Schmidt's  Jahrbucher,  Band 
64,  page  161. 
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the  silver  plate,  caused  conical  granulations  to  spring  up,  so 
that,  in  a  comparatively  short  time,  the  ulcer  healed. 

Becquerel,  taking  into  consideration  the  secretion  of  the 
ulcer,  covers  it  with  the  plate  connected  with  the  positive 
pole,  if  the  secreted  liquid  is  of  an  alkaline  reaction,  and  ap- 
plying the  plate  attached  to  the  negative  pole  if  there  is  an 
acid  reaction. 


C.  The  Galvanie  Current  for  the  Solution  of  Vesical 
Calculi. 

After  Gruithuisen  had  proposed  to  dissolve  vesical  cal- 
culi through  the  action  of  the  Yoltaic  pile,  Prevost  and 
Dumas  ^  experimented  first  outside  of  the  animal  body.  For 
this  purpose  they  placed  a  dry,  fusible  stone,  weighing  ninety- 
two  grains,  in  a  vessel  filled  with  water,  connected  it  through 
platina  wires  with  the  poles  of  a  pile  consisting  of  one  hun- 
dred and  twenty-five  pairs,  and  found  that  the  mechanical 
action  of  the  gases,  formed  through  decomposition  of  the 
water,  amounted,  by  renewing  the  charge  every  hour,  to 
twelve  grains  in  the  first  twelve  hours ;  that  the  stone  was 
softened,  and  fell  asunder  on  the  slightest  pressure,  after  an 
additional  action  of  sixteen  hours.  They  also  experimented 
on  animals.  The  apparatus  consisted  of  an  elastic  sound, 
enclosing  two  platina  conductors,  isolated  from  each  other, 
which  were  covered  with  silk,  except  on  their  ends.  The 
termination  of  each  conductor  was  fastened  to  a  small  ivory 
hemisphere,  on  the  flat  surface  of  which  the  platina  lay  bare, 
and  was  to  be  applied  to  the  stone.  Both  hemispheres, 
when  placed  in  apposition,  formed  a  button,  which  closed 
the  opening  of  the  sound.  By  means  of  such  an  instrument; 
they  introduced  a  fusible  stone  into  the  bladder  of  a  bitch, 
which  they  then  dilated  through  injections  of  tepid  water, 
preventing  reflux  by  closing  the  opening  of  the  sound; 
which  done,  the  conductors  were  connected  with  the  poles 

^Annales  de  Chimie  et  de  Physique,  1823,  vol.  xxviii.,  page  202,  d  seq. 
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of  a  battery,  consisting  of  one  hundred  and  thirty-five  pairs 
of  plates.  After  a  few  movements,  the  animal  remained 
quiet,  and  bore  the  action  of  the  current  for  an  hour.  On 
withdrawing  the  sound,  plain  traces  of  disintegration  of  the 
stone  could  be  perceived.  The  same  experiment  was  re- 
peated for  six  consecutive  days,  in  the  morning  and  evening, 
for  an  hour,  until  the  stone  became  so  fragile  that  they  had 
to  desist  from  further  introducing  it.  "When  they  killed  the 
animal,  after  a  few  days,  the  bladder  was  found  to  be  per- 
fectly normal,  and  without  any  injury.  These  authors  add 
that  the  same  method  could  be  employed  for  the  solution  of 
numerous  vesicular  calculi,  consisting  of  saline  combinations, 
but  not  in  such  concretions  formed  exclusively,  or  nearly  so, 
of  uric  acid.  They  also  add  that  an  addition  of  diluted 
nitric  acid  would  probably  facilitate  the  action  of  the  gal- 
vanic pile  more  than  pure  water. 

H.  Bence  Jones,^  proceeding  from  the  supposition  that, 
as  the  continued  current  is  able  to  decompose  a  solution  of 
the  nitrate  of  potash  in  potash  and  nitric  acid,  probably  uri- 
nary calculi  placed  between  the  electrodes  of  a  galvanic  bat- 
tery would  be  attacked  by  the  potash  at  the  negative  pole, 
and  by  the  nitric  acid  at  the  positive  pole,  brought  first  a 
compact  piece  of  stoiie  formed  of  uric  acid  in  a  saturated  so- 
lution of  nitrate  of  potash  between  the  electrodes  of  a  Grove's 
battery  of  ten  pairs.  The  liquid  was  soon  boiling,  and,  after 
three  hours,  the  stone  was  reduced  to  one-half  its  size.  He 
now  tried  a  more  diluted  solution,  kept  at  the  temperature 
of  the  human  body,  and  found  that,  under  these  circum- 
stances, there  were  dissolved  in  one  hour  : 

2-9     grains  of  uric  acid. 
2-25  grains  of  phosphate  of  lime. 
^2     grains  of  oxalate  of  lime. 

1-2     grains  of  a  mixture  of  uric  acid  and  oxalate  of  lime. 
'4^5^  grains  of  a  mixture  of  oxalate  and  phosphate  of  calcareous  earth. 

^  On  the  Dissolution  of  Urinary  Calculi  in  Dilute  Saline  Fluids  at  the  Tem- 
perature of  the  Body  by  the  Aid  of  Electricity.  Philosophical  Transactions, 
1853,  pages  201-216. 
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These  results,  at  least,  were  obtained  in  stones  which 
had  been  removed  long  ago  from  the  bladder,  and  conse- 
quently were  very  dry.  The  less  dry  the  stones,  the  faster, 
the  less  dilute  the  solution  of  nitric  acid,  the  slower  the 
operation  proceeded.  It  may  be  assumed  that  stones  in  the 
bladder  are  easier  dissolved  than  those  which  are  for  a  long 
time  without  the  bladder  and  very  dry,  because  in  the  first 
case  the  electric  current  is  more  capable  of  penetrating  the 
substance  itself  and  of  acting  on  it,  while  in  the  latter  case, 
it  can  act  only  on  the  surrounding  liquid.  Up  to  the  pres- 
ent time,  a  proper  instrument  is  wanted  for  this  operation 
in  the  human  body.  The  instrument  must,  according  to 
Bence  Jones,  fulfil  the  following  indications  :  1.  The  stone 
must  through  it  be  isolated  in  the  bladder.  2.  The  mucous 
membrane  of  the  bladder  and  urethra  must  not  be  attacked 
by  the  chemical  process.  3.  A  contrivance  must  be  adopted 
which  on  one  side  keeps  down  the  temperature  of  the  liquid 
in  the  bladder,  and,  on  the  other  side,  provides  for  the  es- 
cape of  the  gases  developed  in  the  bladder. 

D.  Elect/ricii/y  for  the  Removal  of  Poisonous  Metals  from 
the  Orgamjism. 

Yerques  and  Poey,  in  Havana,^  have  used  continued 
currents  for  the  removal  of  poisonous  metals  from  the  organ- 
ism. Yerques  made  the  first  experiment  on  himself,  1852. 
He  had,  while  gilding  and  silvering  by  galvanism,  contracted 
a  malignant  ulceration  on  the  dorsal  surface  of  his  hands, 
which  defied  all  means  of  treatment.  He  then  dipped  his 
hands  into  an  electro-chemical  bath  connected  with  the  posi- 
tive pole  of  a  Yoltaic  pile.  After  fifteen  minutes  a  metallic 
plate,  connected  with  the  negative  pole,  was  covered  with  a 
thin  layer  of  gold  and  silver ;  after  the  use  of  a  few  such 
baths,  the  ulcers  healed  radically.    The  electro-chemical  bath 

^  M6moire  sur  une  Nouvelle  Application  de  I'Electrochimie  ^  I'Extraction 
des  Metaux  Introduit  et  Sejournant  dans  I'Organisme.  Compt.  Rend.,  de  I'Acad. 
des  Sciences,  1855,  No.  5  ;  Gaz.  Med.  de  Paris,  1855,  No.  16. 
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is  prepared  in  the  following  manner :  In  a  metallic  tub  iso- 
lated from  the  floor,  a  long  bench  is  placed  which  again  is 
isolated  from  the  tub.  The  patient  is  now  put  into  the  bath, 
his  arm  being  held  by  supports  attached  to  the  bench.  The 
tub  is  filled  with  acidulated  water,  nitric  acid  being  used, 
if  mercury,  gold,  or  silver,  is  to  be  extracted,  and  sulphuric 
acid,  if  lead  is  to  be  extracted.  As  soon  as  the  patient  is 
sitting  in  the  bath,  tjie  tub  is  connected  with  the  negative 
pole  of  a  pile  of  from  ten  to  thirty  carbon  and  platina  ele- 
ments having  a  diameter  of  forty  millimetres,  and  a  height  of 
two  hundred  and  seventeen  millimetres,  while  he  himself 
takes  the  positive  pole,  furnished  with  a  conductor,  the  han- 
dle of  which  is  covered  by  lint  (in  order  to  avoid  the  violent 
burning),  alternately  into  the  right  and  left  hand.  In  this 
position  the  current  enters  through  the  arm,  circulates  from 
head  to  foot,  and  is  neutralized  on  the  walls  of  the  tub  or  on 
the  plate  of  the  negative  pole.  Poey  has  thus  extracted  a 
large  quantity  of  mercury  from  a  man's  femur  and  tibia, 
which  were  supposed  to  have  contained  the  metal  for  fifteen 
weeks.  The  acidulated  water  is  said  to  become  negative 
electric  and  to  be  decomposed,  so  that  gas-bubbles  are  seen 
to  rise.  The  metallic  spots  varied  from  microscopical  small- 
ness  to  the  size  of  a  pea.  The  extracted  metal  is  found  again 
in  three  forms :  1.  On  the  walls  of  the  tub ;  2.  In  the  at- 
mosphere of  the  room,  in  consequence  of  the  evaporation 
caused  by  the  heat  generated  through  the  operation  ;  3.  In 
the  water  contained  in  the  tub. 

Caplin,  of  London,  repeated  these  experiments.  Dr. 
Meding,  of  Paris,*  placed  a  patient,  suifering  for  years  from 
mercurial  poisoning,  in  a  bath  containing  eight  hundred  litres 
of  water  and  one  kilogramme  of  nitric  acid.  The  negative 
pole  of  a  Bunsen's  battery  of  twenty  pairs  was  attached  to  a 
copper  plate  immersed  in  the  isolated  tub,  and  the  positive 
pole  put  in  the  hand  of  the  patient,  who  was  also  isolated 

^  Tageblatt  der  32  Yersammlung  deutscher  Naturforscher  und  Aerzte  in 
Wien,  1856,  No.  1,  page  150. 
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from  the  tub.  After  the  fifth  bath,  which  lasted  for  one 
hour,  subnitrate  of  mercury  was  found  on  the  bottom  of 
the  tub,  which  could  be  proved  by  testing  with  iodide  of 
potash  and  hydrosulph.  of  ammon.  A  gray-greenish  pre- 
cipitate on  the  negative  plate  was  changed,  by  rubbing  it , 
with  the  finger,  into  a  distinct  amalgam,  whicli  disappeared 
again  by  heating  over  the  fire.  Finally,  the  microscope 
proved  the  peculiarly  sprinkled  mercurial  globules  of  that 
form  assumed  by  the  rapidly-deposited  galvanoplastic  pre- 
cipitate. 

m.    ELECTRICriY  AS   A   STTMULANT  IN  PSETJDOARTHROSIS. 

The  results  of  the  treatment  of  pseudoarthrosis  are,  on 
the  whole,  not  very  satisfactory.  The  rubbing  of  the  frac- 
tured surfaces  against  each  other,  the  forcible  stretching  and 
bending,  to  break  the  adhesions,  and  to  produce  an  irrita- 
tion ;  finally,  the  acupuncture,  made  in  such  a  manner  as 
to  leave  the  needles  introduced  between  the  fractured  ends 
.for  ^ve  or  six  days,  give  rarely  the  desired  result,  and  soon 
the  seton  and  ligature,  or  the  drilling  of  the  fractured  ends, 
and  the  introduction  of  pieces  of  ivory  or  bone,  or,  finally, 
the  introduction  of  wires,  have  been  tried.  As,  however, 
seton  and  ligature  frequently  cause  suppuration  and  ne- 
crosis of  the  fractured  ends,  as  the  introduction  of  metal 
pegs,  ivory  nails,  etc.,  produces  often  no  formation  of  callus, 
but  rather  absorption  of  bone,  one  method  deserves  mention 
which  is  perfectly  free  from  danger,  and  yet  effective  in  sin- 
gle cases,  namely,  electropuncture. 

Thus,  Heidenreich,^  reports  the  following  case  which  oc- 
curred to  Burmann  :  A  transverse  fracture  of  the  tibia  and 
fibula  had  not  united  after  four  weeks.  Burmann  then  ap- 
plied a  suitable  bandage,  and  then  passed  the  electric  cur- 
rent daily,  for  half  an  hour,  through  the  fracture,  by  means 
of  two  needles,  introduced  on  opposite  sides.  Suppuration, 
formation  of  callus,  and  recovery  followed. 

*  Elemente  der  Therapeutischen  Physik,  1854,  page  2Y9. 
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Hall'  united  through  the  same  method,  in  the  York 
County  Hospital,  a  fracture  of  the  lower  portion  of  the 
thigh,  which  had  occurred  a  year  ago,  and  remained  un- 
united. He  introduced  a  needle  on  either  side  of  the  thigh 
into  the  space  between  the  fractured  fragments,  and  allowed 
the  continued  current  to  pass  through  for  some  time.  The 
operation  was  repeated  daily  for  fourteen  days,  and  resulted 
in  recovery. 

Hahn,  of  Stuttgart,**  reports  the  following  case  :  a  young 
man  suffered  from  a  separation  of  the  femoral  epiphysis 
(perhaps  fracture  of  the  neck)  in  consequence  of  a  fall  on 
the  right  hip,  which  resulted  in  the  formation  of  a  false 
joint,  for  the  treatment  of  which,  bandaging  and  irritating 
means  were  employed  in  vain.  H.  resorted  to  electropunc- 
ture  ;  he  placed  two  needles  between  the  fragments,  passing 
the  induction  current  of  the  rotation  apparatus  through 
them  daily  for  from  fifteen  to  twenty  minutes,  ^o  im- 
provement being  noticed  after  eight  days,  he  employed  the 
constant  current,  when,  after  the  sixth  application,  inflam- 
mation kindled  up  around  the  needles,  followed  within  ten 
weeks  by  a  union  of  the  fractured  parts. 

*  Medical  Times  and  Gazette,  November  12,  1853,  page  30. 

^  Zeitschrift  fur  Wundarzte  und  Geburtshelfer,  Band  xiii..  Heft  2. 
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[The  accompanying  cut  represents  the  induction  ^paratus  of  Dr.  Jerome 
Kidder,  in  its  most  improved  form.  Full  descriptions  of  the  instrument,  and 
the  manner  of  operating  it,  accompany  the  apparatus,  which  is  remarkably 


convenient,  compact,  and  efficacious.  Indeed,  it  is  doubtftil  if  any  other  in- 
strument  for  generating  and  applying  the  faradaic  current  is  so  generally  use- 
ful to  the  medical  practitioner  as  this, — W.  A.  H.] 


INDEX 


Accessory  Effects  of  the  Current,  92. 

Action  of  the  Current  on  Motor  Nerves 
and  Muscles,  44. 

Actions  of  various  Muscles,  168. 

Advantages  of  different  Forms  of  Ap- 
paratus, 130. 

American  Apparatuses,  128. 

Anaesthesia,  334. 

Anatomy,  Physiology,  and  Pathology, 
Electricity  in  its  Application  to,  167. 

Aneurisms  and  Varices,  Galvanism  in, 
468. 

Animal  Electricity^,  35. 

Apparatus,  American,  128. 

Advantages  of  different  Forms  of, 

130. 

Baierlacher's,  123. 

Du  Bois-Keymond's,  125. 

Duchenne's,  120. 

Galvanic,  97. 

Keil's,  116. 

Modification  of  Du  Bois's,  133. 

- —  Neef- Wagner,  119. 

Saxton-Ettinghausen,  114. 

Stohrer's,  117. 

Voltaic  Induction,  118. 

Applications,  various,  166. 

Arm,  Irritation  of  Nerves  of,  148. 

Arthritic  Articular  Exudations,  447. 

Ataxia,  Locomotor,  393. 

Auditory  Nerve,  Irritability  of,  72. 

B. 

Baierlacher's  Apparatus,  123. 
Battery,  Fromhold's,  109. 

Grenet's,  103, 

Middeldorpf's,  100. 

Kemak's,  106. 

Stohrer's,  102. 

Stohrer's  large,  104. 

Thomson's  Polarization,  111.. 


Bladder  and  Testicle,  Excitation  of  the, 
156. 

Blood,  Effect  of  the  Electrical  Current 
on  the,  89. 

Blood-vessels  and  Lymphatics,  88. 

Bones,  Effect  of  the  Electric  Current  on 
the,  92. 

Brain  and  Spinal  Cord,  Electrical  Exci- 
tation of  tne,  74. 

Excitation  of  the,  160. 

Brain,  Electrical  Excitation,  of  the,  78. 

C. 

Calculi,  Galvanic  Current  for  the  Solu- 
tion of  Vesical,  487. 
Cases,  162. 

of  Cerebral  Paralysis,  199. 

Case  of  Cerebral  Paralysis,  195. 

of  Hysterical  Paralysis,  204. 

of  Lead  Paralysis,  181. 

of  Locomotor  Ataxia,  217. 

of  Rheumatic  Paralysis,  183. 

of  Traumatic  Paralysis,  184. 

"  "        210. 

Cautery,  Galvanic,  461. 
Cerebral  Paralysis,  192. 

"  376. 

Changes  produced  by  Paralysis,  198. 
Chemical  Effects  of  Galvanism,  467. 
Constant  Currents,  Induction  and,  499. 
Constant  Current,  Laws  of,  49. 

Paralyzing  Action  of,  62. 

Phenomena  of  the,  60. 

Constant  Currents,  Eolations  of  Induced 

and,  61. 
Constant  Current,  Therapeutics  of  the, 

158. 
Constant    and    Interrupted    Currents, 

Methods  of  Using,  139.  • 
Contact  Electricity,  11. 
Contractility,  Electro-Muscular,  46. 
Contractions,  Reflex,  163. 
Cornea,  Opacities  of  the,  479. 


INDEX. 


495 


Curative  Agent,  Electricity  as  a,  305. 
Current,  Accessory  Effects  of  the,  92. 
Current  Variation,  Plienomena  of,  45, 

D. 
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Elliot's  Obstetric  Clinic. 

A  Practical  Contribution  to  the  Study  of  Obstetrics  and  the  Dis^ 
ea^es  of  Women  and  Children.  B}'  George  T.  Elliot,  Jr., 
A.  M.,  M.  D.,  Prof,  of  Obstetrics  and  the  Diseases  of  Women 
and  Children  in  the  Bellevue  Hospital  Medical  College,  Physi- 
cian to  Bellevue  Hospital  and  to  the  New  York  Lying-in  Hos- 
pital, etc.,  etc.     8vo,  pp.  458.         .  .  Cloth,  $4,50 

This  volume,  by  Dr.  Elliot,  is  based  upon  a  large  experience,  including  fourteen 
years  of  service  in  the  lying-in  department  of  Bellevue  Hospital  of  this  city.  The 
book  has  attracted  marked  attention,  and  has  elicited  from  the  medical  press,  both 
of  this  country  and  Europe,  the  most  flattering  commendations.  It  is  justly  be- 
lieved that  the  work  is  one  of  the  most  valuable  contributions  to  obstetric  literature 
that  has  appeared  for  many  years,  and,  being  eminently  practical  in  its  character, 
cannot  fail  to  be  of  great  service  to  obstetricians. 

"  The  volume  by  Dr.  Elliot  has  scarcely  less  value,  althoush  in  a  different  direction,  than 
that  of  the  Edinburijh  i)hysician  (Dr.  Duncan,  Researchrr.  m  Ob>itetrics).    The  materials  com- 

g rising  it  have  been  principally  gathered  through  a  service  of  fourteen  years  in  the  Bellevue 
hospital,  New  York,  during  the  whole  of  which  time  the  author  has  been  engaged  in  clini- 
cal teaching.  The  cases  now  collected  into  a  handsome  volume  illustrate  faithfully  the  anx- 
ieties and  disappointments,  as  well  as  the  fatigues  and  successes,  which  are  inseparable 
from  the  responsible  practice  of  obstetrics— a  line  of  practice  which,  under  difficulties,  de- 
mands the  greatest  moral  courage,  the  highest  skill,  and  the  power  of  acting  promptly  on  a, 
sudden  emergency.  Dr.  Elliot's  favorite  subject  appears  to  be  operative  midwifery;  but 
the  chapters  on  the  relations  of  albuminuria  to  pregnancy,  ante-partum  hiemorrhago,  the  in- 
duction of  labor,  and  the  dangers  which  arise  from  compression  of  the  funis,  are  al'  deserving 
of  careful  perusal.  The  pleasure  we  feel  at  being  able  to  speak  so  favorably  of  Dr.  Elliot's 
volume  is  enhanced  by  the  circumstance  that  he  was  a  pupil  at  the  Dublin  Lying-in  Hospital 
When  Dr,  Shekelton  was  master.  We  can  certainly  say  that  his  teachings  reflect  great  c-wlit 
upon  his  Alma  Mater."— lionoJon  Lancet,  AprD  11, 1868. 

"  This  may  be  said  to  bekmg  to  a  class  of  books  '  after  the  practitioner's  own  heart'  in . 
them  he  finds  a  wider  range  of  cases  than  comes  under  his  observation  in  ordinary  practice  ; 
in  them  be  learns  the  application  of  the  most  recent  improvements  of  his  art ;  in  them  he 
finds  the  counterpart  of  cases  which  hawe  caused  him  the  deepest  anxiety  ;  in  them,  too,  he 
may  find  consolation,  for  the  regret — the  offspring  of  limited  experience,  which  has  always 
cast  a  shadow  on  the  remembrance  of  some  of  his  fatal  cases— will  pass  away  as  he  reads  of 
similar  ones  in  which  far  greater  resources  of  every  kind  failed  to  avert  a  fatal  termination, 

"  There  are  not  many  books  of  this  kind  in  our  language;  they  can  probably  all  be  num- 
bered on  the  fingers  of  a  single  hand.  *  *  *  Many  circumstances  concur,  therefore,  to  influ- 
ence us  to  extend  to  this  work  a  cheerful  welcome,  and  to  commend  it  as  fully  as  possible. 
We  do  thus  welcome  it ;  as  the  production  of  a  gentleman  of  great  experience,  acknowledged' 
ability,  and  high  position— as  an  emanation  from  one  of  the  leading  schools  of  our  country, 
and  as  an  honorable  addition  to  our  national  medical  Wiet&taiQ?''— American  Journal  of 
Medical  Science,  April,  1868. 

"As  the  book  now  stands,  it  is  invaluable  for  the  practitioner  of  obstetrics,  for  he  will 
hardly  ever  in  practice  find  himself  in  a  tight  place,  the  counterpart  of  which  he  will  not 
find  in  Dr,  Elliot's  book."— iVei^  York  Medical  Journal,  February,  1868. 

"  The  book  has  the  freshness  of  hospital  practice  throughout,  in  reference  to  diagnosis, 
pathology,  therapeutical  and  operative  proceedings.  It  will  be  found  to  possess  a  great 
amount  of  valuable  information  in  the  department  of  obstetrics,  in  an  attractive  and  easy 
style,  according  to  the  most  modem  and  improved  views  of  the  profession."— C*i;ia«ftaii 
Lancet  and  Observer,  April,  1868. 

"  As  a  whole,  we  know  of  no  similar  work  which  has  issued  from  the  American  press, 
which  can  be  compared  with  it.  It  ought  to  be  in  the  hands  of  every  practitioner  of  mid 
wifery  ic  the  country,"— 5o«ton  Medical  and  Surgical  Journal. 

"One  of  the  most  attractive  as  well  as  forcibly  instructive  works  we  have  had  the 

Eleasure  of  reading.  Jn  conclusion,  we  recommend  it  as  one  having  no  equal  in  the  English 
inguage,  as  regards  clinical  instruction  in  obstetrics."—  Am.  Jour,  of  Obstetrics,  Aug..  1868. 
Many  ripe,  elderly  practitioners  might,  but  few  young  could,  write  a  book  so  distin- 
guished by  candor,  want  of  prejudice,  kindly  feeling,  soundness  of  judgmtMit,  and  extent  of 
erudition.  While  we  do  not  say  the  book  is  faultless,  we  say  there  is  no  book  in  American 
obstetrical  literature  that  surpasses  this  one.  ♦  *  *  ♦  The  work  now  under  review  is 
his  first-born  book  or  volume,  and  shows  how  fine  opportunities  he  ha?  had,  cliietly  at  Belle- 
vue Hospital,  for  acquiring  experience,  and  how  diligently  he  has  availed  himself  of  them. 
But  his  book  shows  much  more.  It  is  the  work  of  a  physician  of  high  education,  a  qualifi- 
cation m  which  obstetric  authors  are  often  deficient— it  shows  Qualities  of  mind  and  ekil. 
of  hand  rarely  attained  by  so  young  a  man," — Jfldinburgh  Medical  Journal,  Feb,,  1868. 


A  APl'LJilTO^y  cc  V^:S  MEDICAL  PUBLICATIONS. 

Flints  Physiology. 

The  Physiology  of  Man^  designed  to  represent  the  existing  State  of 
Physiological  Science  as  applied  to  the  Functions  of  the  Human 
Body.  By  Austin  Flint,  Jr.,  M.  D.,  Prof,  of  Physiology 
and  Microscopy  in  the  Belle vue  Hospital  Medical  College, 
Fellow  of  the  Kew  York  Academy  of  Medicine,  etc.,  etc. 

Vol.  I.    Introduction.   The  Blood ;  Circulation ;  Respiration.    8vo. 

Cloth  (tinted  paper).  . $4.50. 

Vol  II.     Alimentation ;  Digestion ;  Absorption ;  Lymph,  and  Chyle. 

Cloth  (tinted  paper). $4.50. 

"  Before  the  issue  of  the  first  part  we  entertained  the  opinion  in  common  with  others  that 
there  was  no  room  for  a  text-book  ou  physiology,  and  that  a  physician  of  his  (Dr.  F.'s)leam- 
int(  and  acquirements  could  more  advantageously  employ  his  time  in  experimental  research 
than  in  writing  a  systematic  treatise.  Dr.  Flint  has  convinced  us  that  we  were  mistaken  in 
this  view.  We  accept  the  two  volumes  already  issued  as  evidence  of  what  we  may  expect 
in  the  remaining  part  of  the  series.  We  regard  them  as  the  very  best  treatises  on  human 
physiology  which  the  English  or  any  other  language  afi'ords,and  we  recommend  them  with 
thorough  confidence  to  students,  practitioners,  and  laymen,  as  models  of  literary  and  scien- 
tific ability."— iV^.  Y.  Medical  Journal,  Oct.,  1867. 

"  The  treatise  of  Dr.  Flint  is  as  yet  incomplete,  the  first  two  volumes  only  having  been 

fmblished  ;  but  if  the  remaining  portions  are  compiled — for  every  physiological  work  em- 
)racing  the  whole  subject  must  be  in  a  great  measure  a  compilation— with  the  same  care  and 
accuracy,  the  whole  may  vie  with  any  of  those  that  have  of  late  years  been  produced  in  our 
own  or  in  foreign  languages."— 5nYi«A  and  Foreign  Medico- Chirurgicai  Review. 

"  The  second  of  the  series  has  just  been  published,  and  is  now  before  us.  It  treats  of  the 
great  function  of  Nutrition  under  the  several  heads  of  Alimentation,  Digestion,  Absorption, 
the  Lymph,  and  Chyle.  Upon  these  topics  the  author  bestows  the  same  judicious  care  and 
labor  wliich  so  eminently  characterize  the  first  volume.  Facts  are  selected  with  discrimina- 
tion, theories  critically  examined,  and  conclusions  enunciated  with  commendable  clearness 
and  precision."— J.mmcaw  Jwirnalofthe  Medical- Sciences. 

"Judging  from  the  able  manner  in  which  this  volume  is  written,  the  series,  when  per- 
fected, will  be  one  of  those  publications  without  which  no  library  is  complete.  As  a  book 
of  general  information,  it  will  be  found  useful  to  the  practitioner,  and  as  a  book  of  reference, 
invaluable  in  the  hands  of  the  anatomist  and  physiologist."— 2>wWi/2  Quarterly  Journal  oj 
Medical  Science. 

"  The  work  is  calculated  to  attract  other  than  professional  readers,  and  is  written  with 
sufiicient  Clearness  and  freedom  from  technical  pedantry  to  be  perfectly  intelligible  to  any 
well-informed  man.'^ -^London  Saturday  Review. 

"From  the  extent  of  the  author's  investigations  into  the  best  theory  and  practice  of  the 
present  day  the  world  over,  and  the  candor  and  ^ood  judgment  which  he  brings  to  bear  upon 
the  discussion  of  each  subject,  we  are  justified  in  regarding  his  treatises  as  standard  and 
authoritative,  so  far  as  in  this  disputed  subject  authority  is  admissible."— iV^.  Y.  7'imes. 

"  The  complete  work,  judging  from  the  present  instalment,  will  prove  a  valuable  addition 
to  our  systematic  treatises  on  human  physiology.  The  volume  before  us  is  executed  with 
conscientious  care,  and  the  style  is  readable  and  clear.  It  is  a  volume  which  will  be  wel- 
come to  the  advanced  student,  and  as  a  work  of  reference."— ion^OTi  Lancet. 

"  These  excellent  monographs  offer  the  most  complete  summary  of  the  physiological 
knowledge  of  our  day  yet  written  in  America,  They  are  brought  down  to  the  most  recent 
advances  of  the  science,  and  include  the  results  of  a  number  of  original  experiments."  - 
Philadelphia  Medical  Reporter. 

"  The  leading  subjects  treated  of  are  presented  in  distinct  parts,  each  of  which  is  de- 
signed to  be  an  exhaustive  essay  on  that  to  which  it  tQiet^.''''— Western  Journal  of  Medicine. 

"  The  interesting  feature  of  the  work  is  a  recital  of  typical  experiments,  which  are  timely 
and  judiciously  introduced  to  impress  the  facte  upon  the  mind  of  the  reader.  It  is  printed 
in  elegant  style,  and  may  be  considered  a  model  in  the  typographical  line."  —Med.  Record. 

"  We  have  found  the  style  easy,  lucid,  and,  at  the  same  time,  terse.  The  practical  and 
positive  results  of  physiologit-al  investigation  are  succinctly  stated,  without,  it  would  seem, 
extended  discussion  of  disputed  points."— Boston  Medical  and  Surgical  Journal. 

To  those  who  desire  to  get  a  concise,  clear,  but  at  the  same  time  sufficiently  full  re- 


sume of  the  existing  state  of  physiological  science,  we  heartily  recommend  Dr.  Flint's  work. 
Moreover,  as  a  work  of  tvpographical  a 
shelves."- -Jfetfico/  Oazelte,N.  T. 


Moreover,  as  a  work  of  tvpographical  art,  it  deservps  a  prominent  place  upon  our  library 
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Maudsley  on  the  Mind. 


The  Physiology  and  Pathology  of  the  Mind,  By  Henry  Mauds- 
ley,  M.  D.,  Physician  to  the  West  London  Hospital.  8vo, 
pp.  xv-442  (tinted  paper).        .        .        .        Cloth,  $4.00 

Dr.  Maudsley*8  aim  in  the  preparation  of  this  volume  has  been  to  treat  of  mental 
phenomena  from  a  physiological  rather  than,  as  has  hitherto  been  the  habit,  from  a 
metaphysical  point  of  view,  and  in  his  history  of  the  inductive  method,  as  applied 
to  the  interrogation  of  the  mind,  he  shows  conclusively  that  self-consciousness — the 
favorite  resort  of  the  schoolmen — is  inadequate,  contradictory,  and  unreliable.  No 
book  of  the  present  day,  devoted  to  the  study  of  the  mind,  has  attracted  more  atten. 
tion  or  caused  more  comment  than  this.  It  is  one  of  those  works  which  mark  the 
beginning  of  a  new  era  in  the  study  of  mental  science,  and  at  the  same  time  it  is 
conceded  on  all  sides  to  be,  in  its  practical  portions,  a  most  reliable  guide  for  the 
diagnosis,  description,  and  treatment  of  insanity. 

"  Dr.  Maudsley  has  had  the  courage  to  undertake,  and  the  skill  to  execute,  what  Is,  at 
least,  in  English,  an  original  enterprise.  This  book  is  a  manual  of  mental  science  in  all  its 
parts,  embracing  all  that  is  known  in  the  existing  state  of  physiology.  *  *  *  Many  and 
valuable  books  have  been  written  by  English  physicians  on  insanity,  idiocy,  and  all  the 
forms  of  mental  aberration.  But  derangement  had  always  been  treated  as  a  di&tinet  subject, 
and  therefore  empirically.  That  the  phenomena  of  sound  and  nnsouud  minds  are  not  mat- 
.,ers  of  distinct  investigation,  but  inseparable  parts  of  one  and  the  same  inquiry,  seems  a 
jTiism  as  soon  as  stated.  But  strange  to  say,  thejf  had  always  been  pursued  separately,  and 
aeen  in  the  hands  of  two  distinct  classes  of  investigators.  The  logicians  and  metaphysicians 
occasionally  borrowed  a  stray  fact  from  the  abundant  cases  compiled  by  the  medical  author- 
ties  ;  but  the  physician  on  the  other  hand  had  no  theoretical  clew  to  his  observations  be- 
yond a  smattering  of  dogmatic  psychology  learned  at  college.  To  effect  a  reconciliation  be- 
tween the  Psychology  and  the  rathoiogy  of  the  mind,  or  rather  to  construct  a  basis  for  both 
in  a  common  science,  is  the  aim  of  Dr.  Maudsley's  'book.,''''— London  Sat.  Bev.,  May  25, 1867. 

"  The  first  chapter  is  devoted  to  the  consideration  of  the  causes  of  insanity.  It  would  be 
well,  we  think,  if  this  chapter  were  published  in  a  separate  form  and  scattered  broadcast 
tiiroughout  the  land.  It  is  so  full  of  sensible  reflections  and  sound  truths,  that  their  wide 
dissemination  could  not  but  be  of  benefit  to  all  thinking  persons.  In  taking  leave  of  Dr. 
Maudsley's  volume,  we  desire  again  to  express  our  g;ratincation  with  the  result  of  his  labors, 
and  to  express  the  hope  that  he  nas  not  yet  ceased  his  studies  in  the  important  field  which 
he  has  selected.  Our  thanks  are  also  due  to  the  American  publishers  for  the  very  handsome 
manner  in  which  they  have  reprinted  a  work  which  is  certain  to  do  credit  to  a  house  already 
Qoted  for  its  valuable  publications."— §Mar,  Journal  of  Psychologicai  Medicine  and  Medical 
Jurisprudence. 

"Then  follow  chapters  on  the  diagnosis,  promosis,  and  treatment  of  insanity,  each 
characterized  by  the  same  bold  and  brilliant  thought,  the  same  charmin^  style  of  composi- 
tion, and  the  same  sterling  sense  that  we  have  found  all  throuo:h.  We  lay  down  the  book 
with  admiration,  and  we  commend  it  most  earnestly  to  our  readere,  as  a  work  of  extraordi- 
nary merit  and  originality — one  of  those  productions  that  are  evolved  only  occasionally  in 
the  lapse  of  years,  and  that  serve  to  mark  actual  and  very  decided  advances  in  knowledge 
and  science."— i\r.  Y.  Medical  Journal,  January,  1868. 

*'  This  work  of  Dr.  Maudsley's  is  unquestionably  one  of  the  ablest  and  most  important, 
on  the  subjects  of  which  it  treats,  that  has  ever  appeared,  and  does  infinite  credit  to  his 
philosophical  acumen  and  accurate  observation.  No  one  has  more  successfully  exhibited  the 
discordant  results  of  metaphysical,  physiological,  and  patholoirical  studies  of  the  mind,  or 
demonstrated  more  satisfactorily  the  uselessness  of  an  exclusive  method,  or  the  pressing' 
need  of  combined  action,  and  of  a  more  philosophical  mode  of  proceeding."— J/isciic<M 
Record,  Nov.  15, 1867. 

*'In  the  recital  of  the  causes  of  insanity,  as  found  in  peculiarities  of  civilization,  of  relig- 
ion, sex,  condition,,  and  particularly  in  the  engrossing  pursuit  of  wealth,  this  calm  scientific 
work  has  the  solemnity  of  a  hundred  sermons ;  and  after  going  down  into  this  exploration 
of  the  mysteries  of  our  being,  we  shall  come  up  into  active  life  again  chastened,  thoughtful, 
and  feeling,  perhaps,  as  we  never  felt  before,  how  fearfu-lly  and  wonderfully  we  are  made."- 
EverUng  Oazette. 

"Dr.  Maudsley's  treatise  is  a  valuable  work,  and  deserves  the  careftil  consideration  of  all 
who  feel  an  interest,  not  only  in  general  metaphysical  facts,  but  in  those  manifestations 
which  mark  the  boundaries  between  health  and  disease  in  the  human  mind."— i^tw^(/e7w« 
(B.  I.)  Journal. 
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Tilt's   Hand-Book  of  Uterine  Thera- 


peuti 


cs. 


Second  American  edition,  revised  and  amended.  1  vol.,  8vo, 
pp.  368 Cloth,  $3.50 

This  issue  of  Dr.  Tilt's  valuable  treatise  is  not  a  mere  reprint  of  the  last  London  edition. 
The  numerous  additions  and  emendations  made  by  the  author  expressly  for  the  Appletons' 
edition  virtually  make  it  a  new  book. 

"For  many  years  past  Dr.  Tilt  has  sought  to  determine  the  real  value  of  those  various 
modes  of  treating  inflammatory  affections  or  the  womb  which  have  been  advocated  by  dif- 
ferent eminent  practitioners.  In  giving  the  result  of  his  labors  to  the  profespion,  the  author 
has  done  a  good  work.  Tlie  present  volume  contains  a  great  deal  of  useful  matter;  and 
though  there  are  some  observations  in  it  which  do  not  accord  with  our  own  views,  yet  we 
strongly  recommend  our  readers  to  peruse  Dr.  Tilt's  volume  for  themselves  instead  of  trust- 
ing to  any  critical  remarks.  They  will  find  its  pages  very  interesting,  and  at  the  end  of  their 
task  will  feel  grateful  to  the  author  for  many  very  valuable  suggestions  as  to  the  treatment 
of  uterine  disease.  The  difl"erent  views  advocated  are  illustrated  by  the  notes  of  many  curi- 
ous cases,  so  that  the  reader  will  find  no  difficulty  in  fixing  his  attention  to  the  end  of  the 
Yioxk.''''— Lancet.  ' 

"Dr.  Tilt  has  devoted  many  years  to  the  practical  study  of  the  uterus,  and  any  thing  that 
comes  from  his  peu  upon  this  subject  deserves  attention.  In  the  present  work  he  passes  in 
review  the  various  therapeutical  measures,  both  medical  and  surgical,  which  are  adapted  to 
relieve  the  diseases  of  the  organs  peculiar  to  females.  Considering  the  very  large  number  of 
cases  of  uterine  disturbance  which  come  under  the  notice  of  the  profession,  a  work  which 
treats  specially  of  such  matters  must  possess  very  general  interest,  and  Dr.  Tilt's  work  is 
very  creditable  to  his  research  and  to  his  practical  skill,  and  it  will  be  an  acceptable  hand- 
book on  the  shelves  of  medical  practitioners."— Jlfedzca^  Press  and  Circular. 

"  Dr.  Tilt's  '  Hand-book  of  Uterine  Therapeutics '  supplies  a  want  which  has  often  been 
felt,  by  bringing  together,  within  moderate  compass,  the  therapeutic  agents  which  aire  most 
serviceable  in  the  treatment  of  the  diseases  of  women ;  so  that  the  practitioner,  with  this 
little  work  in  his  hand,  is  enabled  in  a  short  space  of  time  to  derermine  what  remedies  will 
best  suit  the  requirements  of  any  individual  case.    It  may,  therefore,  not  only  be  read  with 

Sleasure  and  instruction,  but  will  also  be  found  very  useful  as  a  book  of  reference."— 7%« 
tedical  Mirror. 
"  This  volume  will  be  found  a  safe  guide  to  the  practitioner,  and  is  concluded  by  a  care- 
fully-selected formulary  of  the  preparations  which,  in  the  author's  experience,  have  been 
most  beneficial.  Each  subject  is  handled  with  the  delicacy  required  by  the  nature  of  the 
question  alluded  to,  and  is  illustrated  by  a  brief  but  sufficient  account  of  cases  from  the 
author's  practice,  and  we  much  regret  our  inability  to  bestow  more  than  a  passing  glance  at 
so  valuable  a  contribution  to  uterine  pathology."— /owr.  qf  Practical  Medicine  and  Surgery. 


NOWn  EAD  F. 

A  Practical  Manual  of  the  Treat- 
ment of  Club-Foot. 

By  Lewis  A.  Satee,  M.  D.,  Professor  of  Orthopedic  Surgery  in  the 
Bellevue  Hospital  Medical  College,  etc.,  etc.  One  vol.,  12rao. 
Pp.  92.  With  forty-one  Illustrations  on  Wood.  Price,  $1.25. 
Sent  by  mail  on  receipt  of  price. 

This  Manual,  embodying  the  latest  teachings  with  regard  to  the  proper  management  of 
Clnb-Foot,  and  embracing  the  results  of  the  author's  extended  experience,  has  been  pre 
pared  especially  to  meet  the  wants  of  the  practitioner. 
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Letterman — Medical    Recollections   of 
the  Army  of  the  Potomac. 

By  JoN"ATHAN  Letteeman,  M.  D.,  late  Surgeon  U.  S.  Anny, 
and  Medical  Director  of  the  Army  of  the  Potomac.  1  vol., 
8vo,  pp.  194 Cloth,  $2.00 

"  Surgeon  Letterman  has  BQCceeded  in  giving  a  very  interesting,  not  to  say  fascinating 
book.  He  writes  in  a  perspicuous,  elegant  style,  and  we  venture  to  assert  that  out  few  who 
open  his  volume  of  medical  anuals,  pregnant  as  they  are  with  instruction,  will  care  to  do 
otherwise  than  finish  them  at  a  sitting."— J[/e<?ica/  Record, 

"  The  whole  book  (which  maybe  considered  a  graceful  and  affectionate  tribute  to  the  zeal 
and  ability  of  the  many  who  '  evinced  their  devotion  to  their  country  and  to  the  cause  of 
humanity  without  hope  of  promotion  or  expectation  of  reward ')  is  written  in  a  pleasine 
style,  and  will  awaken  many  kindly  associations  in  the  memories  of  those  who  shared  with 
our  author  the  varying  fortunes  of  the  'dear  old  Army  of  the  Potomac*  "—i^.  Y.  Medical 
Journal^  Sept.,  1866. 

Davis — Conservative  Surgery. 

Conservative  Surgery  as  exhibited  in  remedying  some  of  ihi 
Mechanical  Causes  that  operate  injuriously  both  in  Mealth 
and  Disease.  By  Henry  G.  Davis,  M.  D.  Elegantly 
printed  on  tinted  paper  and  handsomely  illustrated.  1 
vol.,  8vo,  pp.  314 Cloth,  $3.00 

Dr.  Davis  has  enjoyed  rare  facilities  for  the  fitndy  and  treatment  of  certain  classes  ol 
disease,  and  in  this  line  has  achieved  a  well-deserved  reputation.  The  now  approved 
methods  of  treating  of  hip-joint  disease  are  all  based  upon  Dr.  Davis's  method  and  appliances, 
In  this  volume  he  brings  together  the  result  of  his  experience,  and  has  made  a  book  both 
interesting  and  valuable  to  the  Surgeon. 

"Dr.  Davis,  bringing  as  he  does  to  his  specialty  a  great  aptitude  for  the  solution  of 
mechanical  problems,  takes  a  high  rank  as  an  Orthopaedic  Surgeon,  and  his  very  practical 
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